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STRONG as steel pipe 


the revolutionary fiber glass 


reinforced epoxy pipe 


7 # 


for corrosive service 


Here’s a pipe that holds up indefinitely under the corrosive 
action of many salt, acid and alkaline solutions . . . that can’t aelucweanuee 


contaminate or flavor the piped material...that is rigid 
enough to resist sag, cold flow or deformation — flexible 7 
enough to follow normal ditch contours...that remains lim, 
smooth and unclogged throughout its entire service life... 

that won’t leak, even near its burst pressure. 


ny 
a i IN THE CHEMICAL INDUSTRY... 
eae This means that you can use 


BONDSTRAND to transport 
corrosive solutions, waste water, 
sewage, oils, foods, beverages 

and many other troublesome fluids. 
It’s also ideal for ducting, conduit 
or handrails where corrosive 
atmospheres, condensation, spillage 
or immersion cause troubles 

with ordinary pipe. 


Dept. GB « 4809 Firestone Boulevard ¢ South Gate, California 


921 Pitner Avenue 360 Carnegie Avenue 2404 Dennis Street 6530 Supply Row 
Evanston, Illinois Kenilworth, New Jersey Jacksonville, Florida Houston, Texas 


A Subsidiary of American Pipe & Construction Company 





17 varieties 
for corrosion control; 
one quality —best! 


Corban® is the name given to Dowell’s family group of 
corrosion inhibitors. They were developed to meet your 
problems. And there is a whole family of them, because 
corrosive well conditions vary so much. 

First, Corban is offered in three forms: “ready-to-use” 
liquid, concentrated liquid and sticks. Then, Corban comes 
in more than a dozen formulas, each one designed for sweet 
crude, sour crude or gas condensate wells. 

Corban can be applied by: simple fluid-introduction 
down the tubing or the annulus; stick-injection through 
lubricators or pressure locks; and the “squeeze” method of 
pumping liquid Corban back into the producing formation— 
proved for corrosion control over extended periods of time. 

A variety of forms and formulas—to meet and control 
any corrosion problem on any well—is yours when you spec- 
ify Corban. And, despite this variety, Corban is consistent 
in quality. Ask for an engineered corrosion study and recom- 
mendation from any of the 165 Dowell service points and 
offices. In Canada, call Dowell of Canada, Ltd.; in Venezuela, 
United Oilwell Service. Dowell, Tulsa 1, Oklahoma. 


Products for the oil industry 
DIVISION OF THE DOW CHEMICAL COMPANY 





pipe 
protection 
for the 


future... 


assured by 


Publish 


pipewrapping 
craftsmen 


A n essential requirement 
for the best in coated-and- 
wrapped pipe is skilled, 
conscientious craftsmanship. 
It takes fully trained men 
who have devoted their lives 
to this work. 


Hill-Hubbell has hundreds 
of these men. They are per- 
manent employees, working 
under carefully controlled 
conditions in four modern 
plants. Their experience in 
cleaning, priming, coating- 
and-wrapping, inspecting and 
shipping pipe can mean extra 
protection for your pipelines, 
now ... and in the future! 


The best pipe protection 
is the most economical in 
the long run, so specify 
Hill-Hubbell — the name 
synonymous with quality in 
coated-and-wrapped pipe. 


Specify Hill-Hubbell wrapped pipe on your next job... 


FLtLLtse:-rUBBHELL&L 


HILL-HUBBELL & CO. ¢ 3091 MAYFIELD RD. «+ CLEVELAND 18, OHIO 
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1 NOW 





Ni-Resist* ductile irons are a new family of versatile 
high-alloy cast irons developed by Inco. Containing 18 
to 86% Nickel, they provide the same high order of 
corrosion and heat resistance given by Ni-Resist flake 
graphite iron...plus high levels of strength and ductility. 


There are several types of Ni-Resist ductile iron. Each 
one combines a useful array of engineering properties. 


Strength Ni-Resist ductile irons provide tensile 
strengths of 55,000 to 80,000 psi, yield strengths of 
30,000 to 44,000 psi. See graph of properties below. 


Toughness Ni-Resist ductile irons give elonga- 


tions of 4 to 40%, together with good impact resistance. 
The photomicrograph below shows why — spheroidal 
graphite particles allow formation of an austenitic 
matrix. This nickel alloy matrix develops full ductility and 
strength... keeps these properties at low temperatures. 


Corrosion resistance ni-Resist ductile 


irons safely handle hundreds of corrosives. Under most 
conditions — with acids, alkalies and salts — their per- 
formance is far superior to both cast iron and steel, 
helping you reduce maintenance costs. 
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Ni-Resist ductile 
microstructure X 100. 
Spheroidal graphite 
particles allow the 
metal to develop the 
full strength and 
High temperature tensile properties of Type D-2 Ni-Resist toughness of the high 
ductile iron. alloy austenitic matrix. 





Rm 800 1000 1200 1400 
TEMPERATURE °F 


NI-RESIST DUCTILE 


IRONS PERFORM BETTER LONGER 


NICKEL ALLOYED 





CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS a 


Ni-Resist ductile irons offer you 
new combinations of 
useful engineering properties 


High temperature properties 


Ni-Resist ductile irons form a tightly adhering scale at 
elevated temperatures, greatly reducing further oxida- 
tion. They resist heat effects up to 1400°F and higher, 
have excellent thermal shock resistance. From 1100° to 
1300°F, Type D-2 has stress rupture properties equal 
to those of cast HF stainless steel. 


Wear resistance ni-Resist ductile irons 


have a work hardening austenitic matrix. Graphite 
particles provide dry lubrication. Both properties work 
together to resist wear and galling over a wide tempera- 
ture range. 


Erosion resistance wi-resist ductile 
irons work well in wet steam, brine or salt slurries, and 
high velocity liquids. Their high strength and resistance 
tocavitation-erosion mean long service life for pump parts. 


Controlled expansion wi-resist due- 
tile irons have thermal expansivities from about 2.5 up to 
10.4 millionths per degree F. You can match them with 
steels, cast irons, Nickel, Monel* alloy...with aluminum, 
copper, bronze and stainless steel. 


Non-Magnetic properties ni-resist 
ductile irons, Types D-2 and D-2C, are non-magnetic 
and therefore useful where excessive heat and power 
losses must be avoided. 


Machinability Ni-Resist ductile irons ma- 


chine as well as common pressure-type gray iron, 
thanks to the presence of graphite in their structure. 


Fluidity in casting Ni-Resist ductile 
irons have good flowing qualities and permit the mak- 
ing of intricate designs. 


These are only the highlights. You can get all the facts 
on this versatile new family of metals by asking us for 
“lengineering Properties of Ni-Resist Ductile Irons.” 
This 28-page booklet details engineering properties and 
commercial applications with numerous photos, tables, 
and graphs ... gives you the information you need to 
decide how Ni-Resist ductile irons can help you. You’ll 
also get “Buyers’ Guide for Ni-Resist and Ni-Resist 
Ductile Iron Castings”, listing foundries authorized to 
produce them. 


THE NOTRE EE eve eee COMPANY, INC. 
WN 
67 Wall Street New York 5, N.Y. 
ABO, 


IRONS 


*Registered trademark 
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(Continued on Page 8) 
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NOW AVAILABLE THROUGH THESE LEADING DISTRIBUTORS 


ROYSTON LABORATORIES, INC. 
Blawnox, Pittsburgh, Pennsylvania 
Atlanta, Georgia ° Chicago, Illinois 
Philadelphia, Pennsylvania 
NEE & McNULTY, INC. 

Denver, Colorado ° Houston, Texas 
Tulsa, Oklahoma 
RUST- PROOFING, INC. 

Phoenix, Arizona 
THE FROST ENGINEERING SERVICE COMPANY 
Huntington Park (Los Angeles), California 














POLYETHYLENE TAPE 


by 
SEAMLESS 


The simple, modern way of protecting 
pipelines. Polyethylene tape by Seamless gives 
positive protection, whether it be accessory use 
or mainline construction. 
Safe-T-Clad is an inert unplasticized 
polyethylene tape coating. Positive corrosion 
control with little or no field preparation. 
Simplified application techniques 
Substantial labor savings 
Less equipment 
No hazardous heat and fumes 


Available in small rolls for accessory use, and 
large ‘‘Traveliner” for transmission lines. 


SAFE-T-CLAD DIVISION 


Write for field specifications and particulars 


THE SEARLES Ss rnusser COMPANY 


NEW HAVEN 3, CONNECTICUT 
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George F. Lockeman 

Production Profits, Inc. 
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Pure Transportation Co. 
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Raytherm Corporation 
F. Raymond Young 

Reilly Tar & Chemical Corp. 
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Cyrus Wm. Rice & Co. 
James K. Rice 
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D. F, Purdy 
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E. H. Counts 

Sinclair Pipe Line Co. 
Glenn L. Ladd 

Sinclair Resear: h Laboratories, Inc. 
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A. O. Smith Corp. 
L. C. Wasson 
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son and G. L. Stragand 
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Product Pipelines with Oil Soluble In- 
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The Corrosion of Zirconium in Hydrochloric 
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Eugene M. Matson 


Vapor Honing Co., Inc. 
Jack Eggleston 
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Frank V. Long, Sr. 

Visco Products Co., Inc. 
D. M, Jacks 
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E, 0. Burgham 
Western Kentucky Gas Co. 
J, L. Bugg 
Western Natural Gas Co. 
Paul C. Wright, Jr. 
Wheeling Steel Corporation 
Henry A. Stobbs 
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T. D. Williamson, Inc. 
T. D. Williamson, Jr. 
Wisconsin Protective Coating Co. 
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John M. Keyes 
Worthington Corp. 
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TECHNICAL COMMITTEE REPORTS 


Application Techniques, Properties and 


Chemical Resistance of Polyethylene 
Coatings—NACE T-6A-5 Committee 
Iso-Corrosion Rate Curves for High-Tem- 
perature Hydrogen Hydrogen-Sulfide— 


NACE T-8 Committee 





Cathodic Protection of Process Equipment 
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A research chemist is shown checking op- 
eration of the laboratory’s new heat transfer 
test apparatus. Carpenter’s new lab has two 
banks of this equipment. 


Carpenter's new corrosion laboratory can predict 


stainless tubing performance on your job 


A corrosion engineer makes final adjustments on the 
new Corrosometer. 


See our exhibit 


at the 


1959 Corrosion Show 


Hotel Sherman — Chicago 
March 16-20 


BOOTH 65 


This new laboratory is considered the largest and 
best equipped of its kind among companies producing 
specialty steel exclusively. Heat transfer apparatus, 
Corrosometer, multi-sample tester, electro-chemical 
equipment, high pressure, elevated temperature corro- 
sion testing, and stress corrosion cracking equipment 
give Carpenter the facilities to help solve your corrosion 
problems and select the right material for any of your 
needs. Carpenter . . . first in corrosion research . . . first 
in corrosion control... first in stainless tubing and 
pipe economy. Authorized distributors in over 40 
cities, coast to coast. Or write to The Carpenter Steel 
Company, Alloy Tube Division, Union, N.J. 


your master key 
to cost-saving 
corrosion control 
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PIPELINES IN CASINGS 





WmSON M-2 PLASTIC THINsulator. .. 
Complete Size Range 


The WmSON M-2 thinsulator is made of tough 
resilient plastic which resists cracking or breaking 
under extreme abuse. This resiliency serves to 
absorb shock when encountering obstructions in- 
side casing. The M-2 is tough ... bend it... its 
plastic memory returns it to its original shape. 
Shipped in one piece for fast, easy installation . . . 
extra points of adjustment to fit bare or coated 
pipe. There’s a WmSON insulator for every 
pipeline-casing combination and condition. 









The Improved 











s 8s 
se7e 
TYPE “Z” WmSEAL CASING BUSHING 
For a real seal that lasts . . . the Type “Z” - 
WmSEAL Casing Bushing for any pipeline-casing = 
combination. Constructed in one solid ring, the of | 
Type “Z” is easy to install... fastens securely with In 
all-stainless steel clamps. Non-skid, long-gripping wit 
area anchors the bushing to the casing. Tough . . . wit 
and more flexible, the Type “Z” withstands weight Vac 
of backfill dirt, without any shield. Extra thick the 
shoulder prevents the edge of the casing from cut- te 
ting through the bushing. (For 2” pipe and larger). 
. aut 
A perfect partner for WmSON insulators. “a 
SEE OUR EXHIBIT INTERNATIONAL PETROLEUM EXPOSITION Cel 
May 14-23 * 1959 © Tulsa, Oklahoma Ce 
f rom shi 
eae WO Lehre we WGeo an 
P. O. BOX 40 TULSA 2, OKLAHOMA 
REPRESENTATIVES: HOUSTON © AMARILLO © PLAINFIELD, N. J. 
¢ JOLIET, ILL. © LONG BEACH e SAN FRANCISCO « 
BARTLESVILLE, OKLA. © SEATTLE © SALT LAKE CITY © WEST 
MONROE, LA.’ © COLUMBUS, OHIO * EDMONTON © TORONTO 
¢ VANCOUVER © BUENOS AIRES » MONTERREY AND MEXICO 
CITY ©  CABIMAS, ZULIA, VENEZUELA © — DURBAN, NATAL, 
S. AFRICA © PARIS ¢ SYDNEY, AUSTRALIA © ROME, en 


MADRID, SPAIN ° FRANKFURT/MAIN, GERMANY 
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Transparent, skin-tight “blister-packs” give complete 
product visibility, permit inspection, prevent corrosion. 


New Navy Specification 
for Packaging Bearings 


...creates innovation in spare parts packaging 


A new U.S. Navy specification for packaging bearings in transparent acetate “blisters” ees 
is expected to result in a 20 to 30 per cent reduction in packaging costs, and savings 
of hundreds of thousands of dollars in maintaining stock in serviceable condition. | FREE Send for: 
In a skin-tight, dust-free transparent “blister,” a bearing may be inspected visually A i 
: ‘“ : ” * 1. A copy of Military Specification 
without opening the package. Thus no contaminants can enter the package and mix #MIL-T-21484 (SHIPS) 5 Sep. 1988, 
with moisture to create corrosion, the former major cause of bearing unserviceability. | for packaging 
Vacuum-formed of Celanese Acetate sheet, with the bearing itself acting as the mold, ; bearings in 
the blister package is solvent-sealed with tive enclosed. Vi formed acetat pati 
ne blister package is solvent-sealed with a preservative enclosed. Vacuum-formed acetate enelehahititesn: <b 
is adaptable to swift mass-production techniques, using fully automatic or semi- 
automatic machinery. Acetate can be contoured to provide a tight, rigid fit, and it can 
package several products individually in one container, as with these bearings. Thus 
Celanese Acetate offers an innovation in packaging methods in the spare parts industry. ae 
Celanese Acetate, with its excellent aging characteristics, withstands heat, humidity, : \ Bulletin B-13— 
and dryness, is highly grease-resistant, and performs even under adverse conditions of Be =—__<=\\ “Forming of i 
. 7 i ar ‘ . I es ' Cellulose Acetate.” © 
shipping, long-storage, and display. And—it’s economical. Celanese Acetate will do A 
an excellent job for you in your Spare Parts Packaging Program. Celanese® PT 


Vacuum-Formed C. Pelaucse acetate sheet 


CELANESE CORPORATION OF AMERICA, PLASTICS DIVISION, DEPT.113-B, 744 BROAD STREET, NEWARK 2, N. J. 


Canadian A filiate : Canadian Chemical Company, Limited, Montreal, Toronto, Vancouver @ Export Sales: Amcel Co.,Inc.,and Pan Amcel Co., Inc.,180 Madison Avenue, N.Y.16, N.Y. 
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To provide forums and media through which experiences with corrosion and its prevention 
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ELATIVELY FEW oil well tubing 

joints experience failure even in 
cases where operating demands are se- 
vere. Still better performance can be 
expected as the application and limita- 
tions of the various materials are more 
fully understood. This paper is an at- 
tempt to record some of these items so as 
to serve as a starting point in studying 
materials to be considered under given 
conditions. 

The tubing material most familiar to 
production engineers is J-55. Conse- 
quently, this material can serve as a 
reference for comparing other grades of 
tubing. The subject of the paper can be 
divided into two parts, though these two 
parts are not wholly independent of each 
other. The first part concerns the corro- 
sion resistance, and the second part con- 
cerns the mechanical properties. 


Sweet Condensate and High Pressure 
Oil Wells 

Corrosion resistance of tubing is a 
major consideration in sweet condensate 
and high pressure oil wells. Seamless 
J-55 tubing is used in many of these 
wells when the yield strength is high 
enough to be suitable for the pressures 
and depths encountered. If the well flu- 
ids contain sufficient carbon dioxide to 
make them appreciably corrosive, ring- 
worm corrosion can, and very frequently 
does, become a factor in the life of the 
tubing. This type of corrosion is damage 
associated with the spheroidized carbides 
near the ends of the upsets. Figure 1 
illustrates the attack.” 

The rate of attack at the ringworm 
zone is several times as great as for the 
remainder of the tube. This ringworm 
corrosion is usually eliminated by the 
use of tubing that has been normalized 
over the entire length after the upsetting 
operation. At the present time only a 
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small portion of the J-55 is so normal- 
ized, and this heat treatment must be 
ordered as an extra. Of course, unless 
the well is somewhat corrosive, the nor- 
malizing only serves to remove the weak 
circumferential zone of spheroidized 
metal. For most wells the strength is not 
critical. 


N-80 Tubing 

Seamless N-80 tubing with a minimum 
yield strength of 80,000 psi is a very 
common tubing material for use in sweet 
condensate and high pressure oil wells. 
The extra strength compared to J-55 is 
generally obtained by increasing the 
amount of manganese and adding other 
alloying agents such as nickel and 
molybdenum. A typical N-80 contains 
about 1.30 percent manganese, 0.40 per- 
cent carbon, and a fractional percentage 
of other alloying agents. The microstruc- 
ture of this material as a rule is more 
acicular and less pearlitic than the struc- 
ture of J-55. As with J-55, this material 
is also subject to the ringworm damage 
mentioned before, unless it is fully nor- 
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Abstract 
This paper is a resume of the applications of 
the various grades of tubing in sweet and 
sour condensate wells and sweet and sour 
oil wells. The various modes of corrosion 
damage in the different tubing materials are 
discussed. Sour condensate wells are particu- 
larly troublesome since the sulfide stress 
cracking is closely related to the mechanical 
pa Stress corrosion cracking may 
a serious problem in the high strength 
materials. Mechanical properties and the 
effects on service are examined. Transverse 
notch ductility is a critical factor in high 
strength steels. Common defects found in 
the various grades are discussed. 8.4.3 


malized after the completion of all up- 
setting operations. The usual N-80 is 
slightly less corrosion resistant than the 
more pearlitic J-55 in those wells in 
which corrosion is affected by the metal- 
lographic structure. 

It might be assumed that all J-55 is 
alike and that all N-80 is the same in 
corrosion resistance. As shown in Figure 
2, the corrosion varies a great deal from 
length to length. Detailed study of this 
phenomenon might lead to considerably 
more corrosion resistant low alloy or 
carbon steel tubing materials. There is a 
distinct possibility though that the corro- 
sion resistance of J-55 and N-80 is so 
sensitive to the small variables that con- 
trol it, that it would be all but impos- 
sible to rely on these materials for corro- 
sion resistance. Corrosion at caliper 
tracks demonstrates the touch-and-go 
corrosion resistance of some of the mate- 
rials that are commonly used in wells. 
Figure 3 shows the aggravated attack 
caused by the feelers cracking or remov- 
ing some of the corrosion product film 
from the wall of the tubing. In some 
wells, this type of damage drastically re- 
duces the life of the tubing. 


Low Alloy Steels 

Low alloy steels, like 4340 and 4145, 
are used primarily for the grades of tub- 
ing with strength levels above 80,000 psi 
minimum yield strength. No claims of 
added corrosion resistance have been 
made for them and none are warranted. 





























































































































Figure 1—Ringworm corrosion damage in oil well 


tubing. 


The alloys have quenched and tempered 
or normalized and tempered structures 
with the carbides fairly well spheroidized. 
Corrosion resistance actually may be 
somewhat less than for N-80. A compari- 
son was made in a lead line of a conden- 
sate well producing gas with carbon 
dioxide partial pressure of 1120 psi, with 
a daily water production of 4 barrels per 
MMCERF, and a wellhead pressure of 4400 
psig. In this lead line the corrosion rate 
on 4340 tubing was 0.060 inch per year. 
On N-80 in this same lead line it was 
0.030 inch per year. At the same time, 
there was no measurable corrosion on 
nine percent chromium steel. Tubing of 
1340 steel in other wells in this field 
shows decidedly more corrosion than does 
the N-80, as indicated by repeated cali- 
per surveys. 

There are other demonstrations that 
the low alloy steels are of little benefit in 
resisting corrosion. In the NACE conden- 
sate well tests, a variety of alloy steels of 
comparatively low alloy content were 
tested.” * Except for one steel, there was 
little difference in performance of the 
low alloy steels compared to the J-55 
and N-80 steels. The steel that was de- 
cidedly poor was one with 1.84 percent 
nickel, and 1.26 percent copper. This 
steel showed a decided tendency to pit. 

Low nickel steels also were compared 
in the NACE tests.** On a weight loss 
basis the three percent and five percent 
nickel steels were superior to the lower 
alloy content steels, but edge attack and 
pitting made the use of these nickel al- 
loys questionable in uninhibited wells. 
Some strings of five percent nickel steels 
were used, but follow-up on the perform- 
ance of these strings is lacking. Many of 
these strings were used in inhibited wells. 
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Nine Percent Nickel Steel 
Nine percent nickel steel was widely 
used for condensate well tubing up to 
the time of the Korean war. While the 
performance was generally good, a num- 
ber of instances of stress-corrosion crack- 
ing, as well as pitting, have been reported 
in the T-1B and T-1F committee min- 
utes. Many of these samples were exam- 
ined at the tube mills by the manufac- 
turer. At Phillips Petroleum Company 
some 13 specimens were examined. On 
all, the hardness was above Rockwell 
C-22. Since the overwhelming propor- 
tion of the tubes was softer, this demon- 
strates that the hard nine percent nickel 
steel tubes are much more subject to 
stress corrosion cracking than those of 
lesser hardness. The poor notch ductility 
of the higher strength nine percent nickel 
steels as well as the tendency toward 
stress-corrosion cracking led the author’s 
company to specify 105,000 psi maxi- 
mum yield strength for this material. 
While stress-corrosion cracking has 
been noticed frequently on nine percent 
nickel steel, other steels are not immune. 
One company reported cracking of nine 
percent chromium steel.’ Another com- 
pany reported this cracking on N-80 tub- 
ing and 4340 tubing of 105-125,000 psi 
yield strength.” Failed samples of N-80 
and 4340 tubing are shown in Figures 
4 and 5. 
Nine percent chromium. steel (with 
Y, or | percent molybdenum) is now 
the most popular corrosion resistant steel 
for condensate well service. In the 
NACE tests,”* the nine percent chro- 
mium steel was somewhat more prone to 
pitting than was the nine percent nickel 
steel; however, service since the Korean 
war has generally been satisfactory from 
the standpoint of corrosion resistance in 
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Figure 2—Section of tubing caliper chart showing variation in corrosion damage from length to length. 
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condensate wells. Some instances of at- 
mospheric pitting have been reported to 
the NACE committee. Apparently, this 
steel stored in a humid climate will pit 
more severely than will the carbon steels. 
Pits up to 35 mils in depth formed in 
two years in tubing lying on the rack in 
the Houston area. Some difficulties with 
mechanical properties are detailed later. 

Nine percent chromium steel is com- 
monly specified to a closed range of 
yield strength of 20,000 psi. One user 
buys the material with the range of 
90,000 to 110,000 psi for some purposes 
and has purchased other strings with a 
specified range of 105,000 to 125,000 psi 
yield strength. 


Tubing for Oil Wells 

The use of inhibitors has virtually elim- 
inated the use of alloy tubing in the 
ordinary oil wells except as a substitute 
material in time of extreme shortage of 
regular tubing. The choice of tubing is 
generally made on the basis of mechani- 
cal properties which are to be discussed 
later. 

One company used some nine percent 
chromium tubing in a corrosive sweet 
pumping well at Smackover, Arkansas. 
This tubing failed by galling where con- 
tacted by the rod boxes, though the steel 
was perfectly corrosion resistant. In a 
mixed string test in Kansas in an Ar- 
buckle salt water disposal well, the vari- 
ous alloys had little benefit. On the 
basis of pitting the materials ranked as 
follows from best to worst: 

Wrought iron 

Nine percent nickel steel 

Zinc powder—sodium silicate 
coated H-40 
Five percent nickel steel 
Nine percent chromium steel 
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figure 3—Accelerated corrosion at “caliper tracks.”’ 
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While the difference was appreciable, 
ione of the materials were considered 
icceptable, since the life of the best was 
1ot even twice the life of the regular 
ubing used. 


Tubing for Sour Condensate and 
Allied Sour Wells 

Sour condensate wells and some very 
sour oil wells present a different facet of 
the corrosion problem. Instead of pit- 
ting or metal loss being of primary con- 
cern, it is the effect of one of the corro- 
sion products—hydrogen—that gives 
trouble. As steel corrodes in fluids con- 
taining hydrogen sulfide, part of the hy- 
drogen enters the steel. This results in 
blistering in some instances, but in addi- 
tion there is always some embrittlement. 
The higher strength steels exposed to 
sufficiently severe embrittling conditions 
while simultaneously under stress some- 
times break spontaneously. One solution 
would be to use steels of perfect corro- 
sion resistance, and thus no hydrogen 
could enter the steel. However, steels of 
this type have not been developed. Low 
strength steels, like a hot rolled 60,000 
psi yield strength steel, would not gen- 
erally be embrittled enough to break. As 
the strength of steel increases the embrit- 
tlement becomes increasingly critical. 

N-80 steels exposed to the severe con- 
ditions in a sour condensate well and 
some very sour oil wells, like those in 
Wyoming, can and do crack. Field ex- 
periences led to a thorough study of the 
cracking.’ Gulf Research, duPont, and 
Shell Development Company have done 
extensive work on the problem, and the 
NACE sponsored work at Yale University 
on the fundamental processes involved in 
embrittlement of steel in sulfide environ- 
ments.” * The only solution from the ma- 
terial standpoint is to use steels that have 
controlled strength levels below that 
known to cause failure. In addition, there 
should be a minimum of cold work, and 
there should be none of the constituents 
such as martensite stringers. 

There is no material in the low cost 
series of steels that can be used with 
complete confidence. Really typical J-55 
with a maximum of, say, 75,000 psi yield 
strength, and with a fully normalized 
structure should be completely satisfac- 
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Figure 4—Stress-corrosion cracking in N-80 tubing. The cracking initiated on the external surface in 
roll straightener marks, The cracks are outlined with magnetic powder. 


tory for these. wells. However, J-55 as 
ordinarily purchased does not have a 
definite maximum yield strength. In ad- 
dition, many of the couplings are of a 
higher grade than the typical J-55. As 
an illustration, for some sour wells in 
Canada, one company culled through 
some J-55 tubing by hardness testing 
each tube and each coupling. On the 
basis of a maximum limit of Rockwell 
B-97, the results on these lots were the 
following: 


Satis- Unsatis- 
factory factory 
Lot 1 (Canadian 
made J-55 tubing) 221 38 
Lot 2 (U.S. made 
J-55 tubing) 25 36 
Lot 3 (U.S. made 
J-55 couplings) 1060 494 


One company purchased a tempered 
N-80 material for its sour condensate 
wells to a 70,000 psi minimum and 90,- 
000 psi maximum yield strength. Still 
another company used 4140 steel nor- 
malized and tempered to the range of 
65,000 psi minimum to 85,000 psi maxi- 
mum yield strength. To date, the con- 
trolled strength materials have been sat- 
isfactory in sour condensate wells. 

Alloy steels of the ferritic variety have 
been particularly unpromising for sour 
condensate well service. Until the alloy 
content is raised to the point of making 
the steel austenitic (18-8 stainless is an 
example), there is no benefit in the use 
of chromium or nickel or the other com- 
mon alloying elements for alloy steels. 
Some nonferrous materials like Monel 
and Inconel are not used to date in the 
form of solid tubing because of their 
cost. As linings, these nickel alloys and 
copper alloys may some day find appli- 
cation for sour condensate well service. 

Baked-on coatings have also been used 
to a considerable extent to combat corro- 
sion in condensate wells and in high 
pressure oil wells. The most popular ma- 
terials are phenolic and epoxy-phenolic 
coatings, generally applied in more than 
ten coats. While some operators use 





Figure 5—Stress-corrosion cracking in AIS! 4340 
tubing. 


tte coated tubing without further treat- 
ment of the well, a considerable number 
of wells with coated tubing are also in- 
hibited as an extra precaution. 

Coatings can be rendered _ ineffective 
in various ways. Alkaline muds at high 
temperature can severely damage the 
coatings, and have been a factor in some 
failures reported. In other instances, par- 
ticularly in early coating jobs, pinholes 
in the coating were a factor in failures. 
Still another cause of failure is that de- 
fects on the inside of the tubing make it 
difficult to get a good coating job. Tub- 
ing calipers, by scratching through the 
coating, have also been known to dam- 
age baked-on coatings. 
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Figure 6—C-ring ductility vs yield strength for 
various tubing alloys. 


Vinyls are the most popular coating 
materials in the air-drying category. The 
air-dried coatings are less widely used 
for corrosion protection than for mini- 
mizing paraffin deposition in lead lines. 


Mechanical Properties of Oil 
Well Tubing 

The nominal strength designations like 
“J-55” and “N-80” serve as a rough 
guide to the minimum tensile proper- 
ties, but there are still other character- 
istics that deserve attention. Many of 
these have less effect on each individual 
joint than they do on a very low num- 
ber of isolated pieces. Such characteris- 
tics are the transverse ductility, galling 
resistance, heat treating cracks, upsetter 
folds, soft or hard areas, and martensite 
stringers. All of these points become im- 
portant in order to have perfect tubing 
strings for the high pressure and deep 
wells. The defect frequency is very low 
on the basis of the total number of joints, 
but on the basis of a defect causing a 
failure in a string of 500 joints, the per- 
centage is not negligible. 

Butt-weld and lap-weld tubing are 
available only in the 25,000 psi yield 
strength grade. The usual material for 
oil well tubing under this specification is 
made of wrought iron. The lower ductil- 
ity of the weld area of lap-weld is recog- 
nized in the API Standards in that less 
stringent flattening is required at the 
weld than away from the weld. The butt- 
weld tubing, which is not an API grade, 
is ordinarily used only in very shallow 
wells. 

Electric-weld tubing can be furnished 
in a variety of strengths, but it is com- 
monly restricted to the H-40 and J-55 
grades. With a somewhat higher inci- 
dence of bursting under hydrostatic pres- 
sure than is true for seamless, the elec- 
tric-weld tubing is generally restricted to 
use in wells which have pressures under 
the mill test pressure of 3,000 psi. This 
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of course does not affect the pipe prop- 
erties in tension, and consequently has 
little effect on the use of the electric- 
weld pipe in pumping wells. 

Seamless tubing is usually made in 
J-55 and higher strength grades, though 
formerly there was a great deal of seam- 
less made to the H-40 specification. J-55 
and N-80 materials usually get their 
strength simply by the normalizing type 
of heat treatment. If tubing is not nor- 
malized after upsetting, it must be of 
slightly higher carbon and alloy content, 
so that the strength is maintained above 
the minimum in the heat affected zone 
at the upset runout. Very occasionally, 
in the higher alloy content N-80 steels, 
there are martensite stringers that can be 
detected on machined surfaces. These 
stringers can lead to cracking when the 
tubing is exposed in wells of very high 
hydrogen sulfide content. 

Seams and plug-scores are present to 
a greater or lesser extent in all seamless 
tubular goods. With the very rare in- 
stance of a defect that penetrates the en- 
tire wall, they are of little significance 
in J-55 tubing. In N-80 tubing and 
higher strength materials these longi- 
tudinal defects are the origin of splits 
that occur under pressure. The much 
lower incidence of bursting in J-55 is 
ascribed to the lower notch sensitivity of 
the steels generally used for J-55 tubing. 


High Yield Strengths 


The strength of the P-105 and P-110 
grades of seamless goods must be achieved 
by the more complicated heat treatments. 
One method of getting the higher strength 
is to use steels of still greater hardenabil- 
ity than the 0.40 percent carbon and 1.30 
percent manganese steel frequently used 
for N-80. When these higher strength 
steels are normalized, the hardness is so 
high that a tempering treatment must be 
used. This enables the mill to control 
the final yield strength by adjusting the 
temperature and time of tempering. An- 
other way of getting very high yield 
strengths is to quench a material of typi- 
cal J-55 analysis with about 1.00 percent 
manganese and 0.40 percent carbon. This 
quenching also has to be followed by a 
tempering treatment. Nine percent chro- 
mium steel is strengthened by normaliz- 
ing (which because of hardenability is 
virtually a full quench) followed by 
tempering. 

Coupling material for the API grades 
is frequently made of higher strength 
material than the tube proper. Thus 
more difficulty can be expected with 
couplings because of their lower ductility 
and greater sensitivity to hydrogen sul- 
fide. 

The more complicated heat treatments 
and higher alloy contents increase the 
number of ways for defective material 
to be produced and the need for closer 
inspection. Water quenching leads to 
quench cracks, which are detected best 
by magnetic particle inspection. The 
chrome-moly steels are more difficult to 
upset, and this requires greater care to 
avoid upsetter folds. Galling also be- 
comes more critical in the higher strength 
materials. With the higher tempering 
temperature and less tendency to form 
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pearlite, the carbides are spheroidized 
This is one explanation of the increased! 
galling experienced with the highe 
strength tubing. Another explanation is 
that higher torque forces used in making 
up the high strength materials and th: 
metal to metal seals of the special threac 
joints create greater pressure and thu: 
aggravate galling. 


Somewhat troublesome in the past was 
the nonuniformity of tensile properties 
This variation was evident not only fron 
tube to tube, but also within a single 
length. These variations are generally 
found by hardness testing. They are real 
and have specific causes. When rapid 
heating cycles are used for normalizing, 
the upsets are heated to a lower temper- 
ature simply because of the greater heat 
capacity of the thicker metal. Without 
being fully transformed, or simply be- 
cause they are heated to a lower temper- 
ature but still above the critical tempera- 
ture, they can be softer. A similar 
explanation holds for upsets that are 
harder. The hard upsets were not at high 
enough temperature for long enough 
time to be tempered properly. Some of 
the very rapid heating cycles have been 
abandoned for the superior grades of 
tubing, and little further difficulty is 
expected from this problem in the future. 


Notch Sensitivity 


It was mentioned earlier that high 
strength levels may be undesirable in sul- 
fide stress-cracking environments. From 
the standpoint of notch sensitivity, ex- 
cessively high strengths are also undesir- 
able. The problem of notch sensitivity 
first became evident when condensate 
wells were brought in. The N-80 as used 
in early 1940’s occasionally burst under 
pressure far below the nominal burst 
pressure and sometimes even below the 
mill test pressure. The fractures origi- 
nated at seams, plug-scores, and tong 
marks. Often the defects associated with 
such brittle failures were well within the 
API allowable defect depth of 12% per- 
cent of the wall thickness. 


One method of studying notch sensi- 
tivity is to use notched specimens of 
tubing in a flattening test. Studies using 
a notched C-ring are being made by the 
author’s company.” These tests explore 
the properties of the materials commonly 
used in N-80 and higher strength tubu- 
lar goods. While it is true that higher 
strength generally correlates with greater 
notch sensitivity, there is considerable 
variation from alloy to alloy. As an ex- 
ample, normalized and tempered 4340 
steel with a yield strength of 120,000 psi 
is as ductile as a typical N-80 with 95,- 
000 psi yield strength. 

The importance of maintaining a max- 
imum yield strength is shown by data on 
notch ductility versus yield strength for 
several materials. If it is considered de- 
sirable to keep the C-ring ductility equal 
to or above that of the typical N-80, the 
yield strength has to be controlled 
closely. This, together with the perform- 
ance in sulfide fluids, leads many people 
to specify closed yield point ranges for 
their tubular goods of P-105 or for 
strength levels greater than N-80. 
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Figure 6 shows C-ring ductility vs 
yield strength for various tubing alloys. 
‘ Control of the yield properties has 
some pitfalls. From a statistical view- 
point, the testing of one tube in each lot 
of 400 pieces, as now required by the 
API standards, does not maintain close 
control of properties when both upper 
and lower limits are required. Increasing 
the number of tensile specimens to a 
|.rge enough number to insure full con- 
trol becomes quite expensive. One alter- 
native to this is hardness testing a large 
number or all of the lengths of tubing. 
‘his also has its difficulties. 


I!ardness Testing 

Hardness testing is not as precise or as 
foolproof as tensile testing. At the same 
ime though, hardness testing is not a 
estructive test like the tensile test. A 
ovice doing hardness testing will make 
nany errors and will reject many good 
tubes and accept as many poor tubes. 
‘ven the expert can be expected to err 
because of the nature of the test. Testing 
xy the Brinell method is more reproduci- 
le than testing by the Rockwell method. 
Because the identation is deeper, some- 
hing more than the surface is checked 
by the Brinell indenter, while the Rock- 
well method has the disadvantage that 
only a thin layer under the indenter is 
tested: A good surface must be prepared 
for the Rockwell test. Rockwell testing 
has the advantage of leaving a smaller 
depression and can be used on thinner 
wall thicknesses than the Brinell test. 

One other word of caution is in order. 
The standard charts for correlation of 
hardness with tensile properties cannot 
be used over the range of alloys used 
for oil well tubing. As an example, at a 
yield strength level of 105,000 psi nine 
percent chromium tubing will have a 
hardness of Rockwell C-25; nine percent 
nickel tubing will have a hardness of 
C-19, and 4340 tubing will have a hard- 
ness of C-27. A separate yield strength- 
hardness correlation must be determined 
for each alloy and type of heat treatment 
if hardness testing is to serve as a control 
measure. 

From the preceding discussion, it 
should be evident that the selection of 
oil well tubing requires care. The regular 
API grades are applicable for most wells, 
but as the conditions become more se- 
vere, additional requirements have to be 
made to obtain satisfactory service. The 
mills can supply superior products. The 
user, on his part, should keep it in good 
condition by preventing tong marks from 
marring the surface and also by avoiding 
deforming of the tube. The higher grades 
of tubing should never be welded if they 
are to be used in a well. Of course, even 
beyond the scope of this paper, are such 
important factors as joint design, make- 
up torque, thread lubricants, cleaning 
of the threaded joints, selection of inhibi- 
tor and treatment frequency, and com- 
pletion practices. There is a great variety 
of ways in which tubing can fail to per- 
form acceptably. Attention to all details 
is important to realize the service de- 
sired. 
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DISCUSSION 


Questions by John R. Brown, Union Oil 
Research Co., Brea, California: 


Have you correlated “C” ring flatten- 
ing tests with temperature transition tests 
on J-55, N-80, 4340 or P-105, P-110 
grades of oil field tubing and casing? 
Have you made “C” ring flattening tests 
of oil field tubing and casing using 
notched specimens at service tempera- 
tures in the range of 32 F up to 200 F? 


Reply by F. A. Prange: 

We have not attempted to make many 
C-ring flattening tests over a range of 
low temperatures for several reasons. In 
actual service, eleven 9 percent nickel 
tubes, with a transition temperature sev- 
eral hundred degrees below zero, failed 
in a brittle fashion at atmospheric or 
higher temperatures. Thus it is not logi- 
cal to assume that the transition temper- 
ature was a factor in the performance. 
A similar circumstance holds for several 
other alloys. Note that some failures 
occur downhole at temperatures consid- 
erably above atmospheric. Tests at room 
temperature thus should be severe enough 
to measure the properties at actual fail- 
ure conditions. 

A few tests have indicated that the 
C-ring test is not markedly affected by a 
lowering of temperature. As an example, 
on an N-80 tube (2% inch OD x 0.217 
inch wall, 6.5 lb) the results at —90F, 
32F, 80F and 190F showed 7.7, 8.5, 10.2, 
and 9.4 percent C-ring ductility, respec- 
tively. A task group of the AISI is eval- 
uating a modified C-ring which does 
show transition temperature effects. 


Question by M. A. Scheil, A. O. Smith 


Corporation, Milwaukee, Wisconsin: 


Mr. Prange has very ably presented 
a fine review of an extensive investigation 
into the deterioration of oil well tubing 
by hydrogen sulfide and other gases. 
Throughout Mr. Prange’s descriptions 
N-80 steel has been mentioned prom- 
inently as one of the grades of steel that 
are commonly in use for oil well tub- 
ing. 

I should like to ask the author if he 
can state the chemical composition range 
that is expected of N-80 steel. Does this 
material have any recognition in the 
codes as to chemical analysis range? 
It has been my experience that the com- 
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position varies considerably in the 
amount of residual elements. In some 
cases additional agents are purposely 
added to improve mechanical properties. 


My question concerns, then, whether 
in referring to corrosion properties of 
N-80 the author has in mind any speci- 
fied chemistry range or whether it has 
been his experience that the addition 
agents such as Cr, Ni and Mo have little 
influence on the corrosion susceptibility. 


Reply by F. A. Prange: 

We have not made a study to deter- 
mine the effects of residual elements 
such as Cr or Ni on corrosion suscepti- 
bility. The common analysis range for 
N-80 tubing is 0.35-0.45 carbon, 1.2-1.5 
manganese, and oftentimes 0.25 molyb- 
denum. The only restriction on chemical 
analysis in the API 5A Specification deals 
with sulfur and phosphorus. There is evi- 
dence that something affects the corro- 
sion susceptibility of N-80, as the corro- 
sion rate often varies widely from tube 
to tube within a tubing string. A serious 
study of this might be profitable. 


Comments by R. L. McGlasson and J. E. 
Landers, Continental Oil Co., Ponca 
City, Oklahoma: 


We have some small amount of labo- 
ratory data which confirms the relative 
corrosion resistance of N-80 and low al- 
loy materials. The tests were made at 
room temperature in 5 percent NaCl 
solution through which CO: was contin- 
uously bubbled at one atmosphere of 
pressure. The test is one we have used 
to evaluate inhibitors for CO: corrosion 
problems for several years. The coupons 
were made from AISI 1020 and AISI 
4340 steel. The corrosion rates both with 
and without inhibitor are shown in Table 
1 for a 4-day exposure in this environ- 
ment. These data apparently confirm the 
two-to-one corrosion rate relation pre- 
sented by Mr. Prange for N-80 and 4340 
and also point out that inhibition can 
be effectively used for the low alloy ma- 
terials where their strength and ductility 
are necessary. 


The paper apparently gives a green 
light to the use of 9 percent chrome al- 
loy tubing for corrosion resistance in 
sweet condensate wells. For satisfactory 
use, some strength and hardness limita- 
tions are given. We feel there is some 
question about the amount and cost of 
corrosion resistance obtained in this way. 
Since we have no specific data to offer 
on this point, we will confine our remarks 
to the “sweet” corrosion cracking re- 
sistance of this material. 


Nine percent chrome alloy tubing has 
failed by stress corrosion cracking in 


TABLE 1—Corrosion Rates of Steels With 
and Without Inhibitors 


SS 


Corrosion 
Corrosion Rate 
Rate With Percent 

Coupon Without | Inhibitor| Protec- 
Material Inhititor | (50 ppm) tion 
AISI 1020 12.3 MPY | 0.44 MPY 96.4 
AISI 4340 29.2 MPY|1.6 MPY 94.5 

| 
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“sweet” systems. However, failures re- 
ported to date have been in materials 
substantially harder than the limits sug- 
gested in the paper. Attempts to repro- 
duce such failures in “sweet” laboratory 
corrosion systems on hard 9 chrome ma- 
terial have not met with success. As a 
result of this inability to reproduce these 
failures in the laboratory, we postulated 
that what was thought to be “sweet” 
corrosion cracking was in reality sulfide 
corrosion cracking with the sulfide being 
present in trace amounts. 

In one rather poorly designed labo- 
ratory test, we produced cracking in a 
9 chrome material previously cracking 
resistant in an entirely sweet laboratory 
environment. The cracking was produced 
by the continuous introduction of 0.01 
percent H:S to the bubbling gas going 
through the bath at one atmosphere of 
pressure (0.0015 psi partial pressure 
H:S). Cracking was also produced in 
another bath originally designed to be 
H:S free when the bath became con- 
taminated for one day with the pre- 
viously described gas from the bath con- 
taining H.S. Tests are now planned to 
determine just how little H:S is neces- 
sary to promote cracking. 

With this postulation goes the conse- 
quent problem to demonstrate the pres- 
ence of significant amounts of H:S or 
other corroding sulfide in “sweet” sys- 
tems where cracking has occurred. Two 
pieces of evidence now indicate the 
likelihood that sufficient quantities of 
H:S or other corroding sulfides to cause 


cracking are present in these systems 
where cracking has occurred. 

The scale from a joint of AISI 4340 
tubing containing numerous stress cor- 
rosion cracks was analyzed for the pres- 
ence of sulfide corrosion product. This 
tube had been in service in a “sweet” 
condensate system. Reaction of the scale 
with hot HCl gave a positive reaction 
for sulfide with lead acetate paper. An 
analysis of this scale by X-ray diffrac- 
tion showed the following minerals in 
the scale: 

FesSs (kansite ) 
S (free sulfur) 
FeCO; (siderite ) 
a — Fe:O;* H:O (goethite ) 


In another test of this hypothesis, 
copper strip corrosion coupons were in- 
stalled in the full fluid stream of two 
“sweet” gas condensate wells producing 
from different sands. Stress corrosion 
cracking of 9 chrome material had oc- 
curred in these wells. The coupons were 
exposed approximately two weeks, after 
which the scales formed thereon were 
analyzed. Sulfide was found to be the 
main constituent of these scales. 

We would not maintain that these 
limited data prove the hypothesis. Fur- 
ther studies are being made to confirm 
these earlier findings. We do think that 
the evidence indicates that “sweet” corro- 
sion cracking is in reality low-rate sul- 
fide corrosion cracking in environments 
of very low sulfide concentration. If 
this be true, the selection of materials 
for such application must involve the 
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same limitations as selection for recog- 
nized sulfide systems. Nine percent 
chrome is known to be sulfide crackiny 
susceptible to quite low strength levels, 
and its selection as a tubing material fo: 
sulfide is described by Mr. Prange ax 
“particularly unpromising” for this pu 
pose. We feel the same attitude shoul: 
apply to its selection for “sweet” sys 
tems, especially when it is known tha 
cracking has been a problem in the sys 
tem. 


Reply by F. A. Prange: 

It is always gratifying to learn o! 
corroborating corrosion rate data. A dif 
ference of opinion does exist, however. 
on the use of 9 Cr tubing. Perhaps an 
answer is to cite our field experience 
with this alloy. The material we used 
was controlled at a lower hardness leve! 
than Mr. McGlasson and Landers refei 
to in their tests. Our first string of 9 
Cr was installed in 1952 in sweet con- 
densate service and is still in that serv- 
ice. Caliper surveys show no corrosion 
damage and there has been no failure. 
Since that time we have had additional 
experience with over 150,000 feet of 9 
Cr tubing. There has been only one 
failure that could be attributed to cor- 
rosion. We believe it was due to cracks 
formed during a hot deformation cycle. 
Our favorable experience justifies our 
use of 9 Cr tubing in sweet condensate 
wells. Nine chrome has an additional 
advantage as it is the most ductile of the 
high strength alloys which we have used 
to date. 


Any discussions of this article not published above 


will appear in the June, 1959 issue 


DISCUSSIONS ON TECHNICAL ARTICLES ARE SOLICITED 


Discussions on technical articles published in Corrosion 
will be accepted for review without invitation. Discus- 
sions must be constructive, accompanied by full sub- 
stantiation of fact in the form of tables, graphs or 
other representative data and be submitted in three 
typewritten copies. In cases where illustrations are 
submitted, at least one copy of figures should be of 


a quality suitable for reproduction. 


Authors will be sent on request a copy of the NACE 
Outline for the Preparation and Presentation of Papers. 


Discussions will be reviewed by the editor of Cor- 
rosion and will be sent to the author of the paper 
discussed for his replies, if any. Publication will be in 
the Technical Section with full credit to the authors 
together with replies. Discussions to papers presented 
at meetings of the association may be submitted in 


writing at the time of presentation or later by mail to 


the editorial offices of Corrosion, 1061 M & M Bldg., 
Houston 2, Texas. 
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Figure 1—Ammonium nitrate storage tank. 





Figure 2—Aluminum end dump truck, 
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Figure 3—Aluminum-end of aluminum -magnesium 
phase diagram. 
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Liss 


Figure 4—Electron micrograph of AI-6 percent Mg 

alloy, -H12 temper, freshly prepared. No precipitate 

was observed, (0.02 percent Cu. 0.15 percent Fe, 0.11 

percent Si, 6.10 percent Mg). Etched 5 seconds, 40 
percent phosphoric acid. 


Influence of Service Temperature 


On the Resistance of Wrought 


Introduction 


LTHOUGH the fact that mechanical 

properties and resistance of the pre- 
cipitation-hardening alloys to corrosion 
are markedly affected by prolonged heat- 
ing,!-° is generally recognized, less widely 
known is the fact that the structures 
and resistance to corrosion of certain 
nonheat-treatable aluminum-magnesium 
alloys may also be affected.* These alloys 
are members of a structural group con- 
taining from 2.0 percent to 5.5 percent 
magnesium in this country and up to 
8.0 percent magnesium in Europe. These 
alloys are characterized by ease of weld- 
ing, good weld strengths and excellent 
resistance to corrosion. Typical uses for 
these alloys include truck bodies, over- 
head traveling cranes, various marine 
applications (decking, superstructure, 
elevators) and chemical applications 
such as storage tanks, tank cars and 
trucks. 

Recently, the aluminum-magnesium 
alloys have also been employed for 
structural and chemical applications at 
elevated temperatures. Examples of such 
applications include the large storage 
tank for hot (180 F) ammonium nitrate 
solutions shown in Figure 1 and _ the 
large heated dump truck body for haul- 
ing bauxite shown in Figure 2. Because 
of the effects of temperature on the 
structures and resistance of these alloys 
to corrosion, not all compositions are 
suitable for service under such condi- 
tions. 

This paper discusses the aluminum- 
magnesium alloys and the effect of pro- 
longed heating on their structures and 
resistance to corrosion. A new alloy suit- 
able for service in the critical tempera- 
ture range from 150 to 350 F is described. 


General Characteristics’ 

The present evaluation of the alumi- 
num-magnesium alloys is based on many 
years of experimentation and_ research 
with alloys containing up to 10 percent 
magnesium. As shown in Figure 3, such 
alloys consist of solid solutions of mag- 
nesium in aluminum at temperatures in 
the (Al) phase field. At lower tempera- 
tures, however, the solubility of magne- 


sium in aluminum decreases rapidly 
until less than 1 percent is soluble at 
room temperature. Alloys containing 


Submitted for publication April 23, 1958. A 
paper presented at the Fourteenth Annual Con- 
ference, National Association of Corrosion En- 
gineers, San Francisco, March, 17-21, 1958. 
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Aluminum-Magnesium Alloys to Corrosion* 


By E. H. DIX, JR, W. A. ANDERSON and M. BYRON SHUMAKER 





Abstract 


The wrought aluminum-magnesium alloys 
are being used in many welded structural 
applications; however, the alloys of higher 
magresium content are not recommended 
for service where the operating tempera- 
ture exceeds about 150 F. The reason for 
this limitation is that prolonged heating 
in the temperature range of 150 to 350 F 
causes selective precipitation of an anodic 
phase resulting in susceptibility to inter- 
granular corrosion, and in the presence 
of a high enduring tensile stress, causes 
stress-corrosion cracking. 

This paper presents extensive data on 
the effect of continuous heating on the 
metallurgical structure and resistance of 
these alloys to stress-corrosion cracking. It 
further describes a new alloy, 5454, which 
is shown to be free from the temperature 
limitation placed on the higher magnesium 


alloys. 6.4.2 


more magnesium in solid solution than 
equilibrium permits, tend to reject or 
precipitate the excess in the form of 
a compound designated as q@ (Al-Mg). 
The precipitation of this phase has a 
considerable effect on the characteristics 
of the aluminum-magnesium alloys with 
the result that the successful exploita- 
tion of the higher magnesium alloys in 
particular has depended on controls de- 
veloped through research and study of 
this process. 

Precipitation of the @ (Al-Mg) phase 
is a time and temperature dependent 
process and tends to occur more slowly 
the lower the temperature. Although 
precipitation at room temperature is 
sluggish, important changes in the struc- 
ture and properties of the aluminum- 
magnesium alloys can occur with long 
aging times. The structural changes ac- 
companying such precipitation are illus- 
trated in Figures 4, 5 and 6. As shown, 
no visible precipitate was found in a 
cold worked 6 percent Mg alloy when 
examined soon after fabrication. When 
examined after 24 years at room tem- 
perature, however, the grain boundaries 
of such an alloy were outlined clearly 
by a narrow band of precipitate that 
enveloped each grain. As shown in 
Figure 6, the same general type of struc- 
ture was produced in a much shorter 
time by heating the freshly prepared 
alloy at 212 F. 

In general, the resistance of the alu- 
minum-magnesium alloys to corrosion is 
of a high order when tested in the 
as-fabricated condition. Small amounts 
of grain boundary precipitate generally 
have little effect on resistance to corro- 
sion, so that for some period, aging is 
not particularly harmful. With longer 
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aging times, particularly for  strain- 
hardened alloys containing more than 
3.5 percent Mg, precipitation at the 
grain boundaries produces a continuous 
a (Al-Mg) phase (Figure 5). This pre- 
cipitate is strongly anodic to the grain 
bodies, and in the presence of many 
electrolytes the @ (Al-Mg) compound 
corrodes selectively at a high rate be- 
cause of the small amount present at the 
grain boundaries. A continuous grain 
boundary precipitate thus produces low- 
ered resistance to corrosion and suscepti- 


56t 





CORROSION 




















NATIONAL 


Figure 5—Electron micrograph of AI-6 percent Mg 

alloy, -H12 temper, aged 24 years at room tempera- 

ture. Note precipitate along grain boundaries, Etched 
5 seconds, 40 percent phosphoric acid, 
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TABLE 1—Resistance to Stress Corrosion of Al-Mg Alloy Sheet After 20 Years of 
Natural Aging at Room Temperature’ 


Al-4.04 % Mg Alloy3 


ae < F-62 Days; OK 6 Months 








5 Ne REE. 








Figure 6—Electron micrograph of Al-6 percent M: 
alloy, -H12 temper, freshly prepared and sensitize: 
one week at 212 F. Note precipitate outlining grair 
boundaries, and similarity to structure in Figure 5 
Etched 5 seconds, 40 percent phosphoric acid. 


F/N Time in Test 





oe 0/2 OK 6 Months 

Saeed 0/2 OK 6 Months 

Pre 0/2 OK 6 Months 

cane 0/2 OK 6 Months 

weed 3/3 F-13, 105, 135 Days 
coats 3/3 F-42, 42, 56 Days 







gee 0/2 OK 6 Months 
vests 2/2 F-17, 17 Days 
ened 2/2 F-2, 48 Days 








ery 2/2 F-2, 2 Days 





1 Test conditions: exposure, 344% NaCl alternate immersion; specimen, sheet tension (X-grain) specimen 


stressed to 75% yield strength by dead weight loading. 


2 F/N denotes number of specimens failed over number of specimens exposed. 
3 Chemical composition: Cu, 0.01; Fe, 0.19; Si, 0.06; Mg, 4.04. 


bility to stress-corrosion cracking. Ulti- 
mately, precipitation occurs within the 
grain bodies. General precipitation, as 
would be expected, has a beneficial effect 
because it increases the ratio of the area 
of the anodic phase to that of the ca- 
thodic solid solution, thus greatly reduc- 
ing the electro-chemical attack on the 
grain boundary precipitate. 

Factors that affect precipitation of the 
a (Al-Mg) phase, in addition to the 
time and temperature of heating, include 
magnesium content and strain harden- 
ing. Studies of the effects of alloy con- 
tent to 7 percent Mg, have indicated 
that annealed material aged at room 
temperature is essentially free from stress 
corrosion cracking. Above this level, sus- 
ceptibility increases progressively with 
increasing magnesium. The safe levels 
of magnesium are shifted drastically by 
cold working in the direction of lower 
magnesium contents. This is illustrated 
by the stress corrosion data in Table 1. 
As shown, a 6 percent Mg alloy with 
as little as 10 percent cold work became 
highly susceptible to stress-corrosion 
cracking after 20 years of aging at room 
temperature. A 4 percent Mg alloy, how- 
ever, required 35 to 40 percent cold 





4 Chemical composition: Cu, 0.05; Fe, 0.13; Si, 0.08; Mg, 6.01. 





work (—H14 temper) to become sus- 
ceptible to stress-corrosion cracking in 
the same aging time. Thus, the metal- 
lurgist is faced with the problem of 
balancing the effects of alloy additions 
against the effect of strain hardening, in 
the development of new alloys with 
maximum strength and adequate resist- 
ance to corrosion. 

The aluminum-magnesium alloys in- 
crease progressively in strength with 
alloy content in the manner shown in 
Figure 7. Strength is also increased by 
cold working, and alloys containing up 
to 4.5 percent Mg are produced com- 
mercially in a series of strain-hardened 
tempers. The properties of these alloys 
in the strain-hardened condition are not 
stable, however, but change with time 
as shown for an AI-6 percent Mg alloy 
in Figure 8. The observed decrease in 
strength and increase in elongation with 
aging can be accomplished in a much 
shorter time by heating the alloy at 
slightly elevated temperatures. Accord- 
ingly, commercial practices for the —H3 
type tempers include heating such alloys 
for about 4 hours at 250 F to produce 
a more ductile product with stable me- 
chanical properties at room temperature. 
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F. jure 7—Effect of magnesium content upon strengths of aluminum-magnesium 


alloy sheet. 


Characteristics at Elevated Temperatures 

Changes in properties and structures 
taat normally occur over a period of 
many years at room temperature are 
ereatly accelerated by heating at slightly 
elevated temperatures. The relation be- 
iween time and temperature can be 
demonstrated in various ways. Probably 
one of the most significant correlations 
is that obtained through a study of ef- 
fects on stress-corrosion cracking. This 
is illustrated in Figure 9 for an AI-5 
percent Mg alloy known as X5356. In 
the strain-hardened tempers, this alloy 
becomes susceptible to stress-corrosion 
cracking on prolonged aging at room 
temperature; therefore, these tempers 
are not recommended for use. The be- 
havior of X5356 is similar to that of 
other high magnesium alloys, however, 
and illustrates the need for careful selec- 
tion of alloys and tempers for use at 
elevated temperatures. 

The specimens represented in Figure 
9 were aged at room temperature or 
heated for various times at temperatures 
to 400 F. The ordinate identifies the 
aging temperature, and the abscissa, the 
iging time. The numbers adjacent to 
cach data point give the length of ex- 
posure or days to failure for strain- 
hardened X5356 sheet in a laboratory 
ilternate immersion corrosion test (10 
minutes per hour in 3.5 percent NaCl 
solution, specimens stressed to 75 per- 
cent of the yield strength). This test 
provides a critical evaluation of the re- 
sistance of the aluminum-magnesium 
illoys to stress corrosion.* 

As shown by this corrosion test, the 
train-hardened sheet became susceptible 
) stress-corrosion cracking after 4 
ears of aging at room temperature. In 
he case of specimens heated at elevated 
‘mperatures, susceptibility to stress-cor- 
osion cracking developed after heating 
1” approximately 6 months at 150 F, 
ne week at 212 F, or one day at 300 F. 
\t temperatures approaching 400 F, 
\owever, no suspectibility to stress-corro- 
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Figure 8—Age softening of Al-6 percent Mg sheet. 
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sion cracking was observed with heating 
times as long as 2 years and as short 
as one minute. The relation between 
time and temperature can be represented 
approximately by a straight line up to 
300 F on the log time-reciprocal tem- 
perature plot. Based on long tests at 300 
F and 400 F, the line curves in the di- 
rection of longer times and eventually 
turns in the direction of the abscissa. 
As pointed out previously, the resist- 
ance to stress corrosion of the annealed 
temper is substantially better than that 
of the strain-hardened tempers. This is 
also illustrated in Figure 9, where the 
approximate stress-corrosion relations 
for the annealed temper are shown as a 
dash-dot line. The data from which this 
curve was plotted are shown in Figure 
10. Stress corrosion failures for X5356 
in the annealed condition are displaced 
to significantly longer aging or heating 
times, as compared with those for the 
strain-hardened tempers. 


Stress Corrosion Resistance 
Metallographic examinations have in- 
dicated that there is a good correlation 
between the microstructures of the alu- 
minum-magnesium alloys and their re- 
sistance to stress-corrosion cracking. Al- 
loys showing little or no grain boundary 
precipitation invariably have good re- 
sistance to stress-corrosion cracking. 
Such structures are typical of both the 
annealed and _ strain-hardened tempers 
of alloys containing less than 3 percent 
Mg, even after many years of aging at 
room temperature, or prolonged heat- 
ing at elevated temperatures. Such struc- 
tures are also characteristic of the an- 
nealed temper of most higher magne- 
sium alloys under the same aging condi- 
tions and of the strain-hardened tempers 
with limited room aging. Alloys showing 
extensive grain boundary precipitation, 
such as is obtained by heating X5356 
sheet at 150 F and 212 F (Figure 11) 
or by extensive aging of strain-hardened 
sheet of alloys of this magnesium con- 





tent at room temperature, are highly 
susceptible to stress corrosion. 

Alloys having extensive general pre- 
cipitation, as well as wide bands of grain 
boundary precipitate, have intermediate 
resistance to stress corrosion. The struc- 
ture of X5356 sheet heated one year at 
300 F (Figure 12) is typical of such a 
condition. As indicated by the half-filled 
circle in Figure 9, one out of two 
specimens having this structure failed by 
stress-corrosion cracking. Specimens 
heated for two years at 300 F had a 
similar structure but did not fail in the 
same test. 

The X5356 strain-hardened sheet 
heated for shorter times at 300 F was 
susceptible to stress-corrosion cracking. 
Metallographic studies showed that pre- 
cipitation was confined principally to 
the grain boundary in such cases (Figure 
11), producing a condition of high sus- 
ceptibility to stress corrosion. With con- 
tinued heating, general precipitation in- 
creased progressively and further pre- 
cipitation was obtained at the grain 
boundaries producing the structure 
shown in Figure 12. It is believed that 
the improved resistance to stress-corro- 
sion cracking obtained with long times 
of heating at 300 F can thus be attribu- 
ted to the reduced current density for 
the anodic @ (Al-Mg) precipitate, as a 
result of the increase in anode/cathode 
ratio. 

The microstructure obtained on heat- 
ing strain-hardened or annealed sheet in 
the temperature range of 400 to 450 F 
is shown in Figure 13. The precipitate 
formed under these conditions is rela- 
tively coarse and does not form a con- 
tinuous phase at the grain boundaries. 
Such structures have shown excellent re- 
sistance to stress-corrosion cracking. 

On the basis of current nucleation 
theory, the formation of coarse precipi- 
tates is favored by both high aging tem- 
peratures and low degrees of supersatu- 
ration. For this reason it might be 
expected that structures similar to that 


57t 























































CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


365 365 36s 
oU° ° 


mm 
——— a aa 
ane N 


296 


OEGREES R 


ANNEALED *5356 TYPE ALLOYS 


2> 10 
eee 


TEMPERATURE 


© ONE OF Two 
SPECIMENS FAILED 


© NON- FAILURE 
@ FaiLuRE 


WOTE - NUMBERS ADJACENT TO POINTS 
INDICATE DAYS IN TEST 


000 


10 10? 
AGING TIME, DAYS 


Figure 9—Approximate time required to sensitize strain hardened X5356 type 
alloys to stress corrosion cracking. Stress: 75 percent yield strength by simple 
beam loading; exposure: 3.5 percent NaCl alternate immersion. 


Figure 11—Electron micrograph of X5356 alloy, —-H12 

temper, heated one year at 212 F. Note grain bounda- 

ries heavily outlined with precipitate. Also note some 

precipitate within grain bodies, Keller’s etch, one 

second. (0.03 percent Cu, 0.22 percent Fe, 0.11 per- 

cent Si, 0.11 percent Mn, 5.15 percent Mg, 0.10 
percent Cr, 0.10 percent Ti.) 


shown in Figure 13 for X5356_ sheet 
heated at 400 F would be obtained at 
even lower temperatures by alloys of 
lower supersaturation, i.e., lower mag- 
nesium content. In agreement with this, 
metallographic studies on alloy 5154 
3.5 percent Mg) have shown that the 
ratio of general precipitation to grain 
boundary precipitation tends to be 
slightly greater for this alloy than for 
X5356 and that the precipitate size both 
within and at the grain boundaries is 
somewhat larger. 

As can be seen by comparing Figures 
10, 11, 12 and 13 with Figures 14, 15 
and 16, however, these structural differ- 
ences are a matter of degree rather than 
type, and the principal effect of the 
lower magnesium content is to decrease 
the quantity of precipitate. As a result, 
the heating periods required to produce 
similar structural conditions and _stress- 
corrosion cracking in 5154 are much 
longer than for alloy X5356. For exam- 
ple, stress-corrosion cracking was ob- 
tained in 5154-H12 sheet after heating 
for one year at 212 F or two years at 
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Figure 12—Electron micrograph of X5356 aloy, -H12 

temper, heated one year at 300 F. Note extensive pre- 

cipitation at grain boundaries and within grain bodies. 
Keller’s etch, one second, 


300 F. These correspond to minimum 
heating periods of 7 days and 1 day, 
respectively, for strain-hardened X5356 
sheet. 

As shown in Figures 14 and 15, the 
annealed temper of 5154 is less subject 
to grain-boundary precipitation than the 
strain-hardened tempers. No stress-cor- 
rosion cracking was obtained in 5154-0 
sheet even after two years at 212 F or 
300 F. By comparison, failures were ob- 
tained with X5356-0 sheet after heating 
for three months and one month, re- 
spectively, at 212 F and 300 F. 


New Method of Correlation 

In cooperation with the present re- 
searchers, G. C. English and E. H. Cook 
developed a method correlating resistance 
to stress-corrosion cracking with the so- 
lution potentials of aluminum-magne- 
sium alloys.* This application of solution 
potentials represents a_ significant ad- 
vance in a research method that has 
been used successfully for many years 
to follow metallurgical changes in alumi- 
num alloys, especially those susceptible 
to heat treatment.® The solution-potential 
method, as applied to the aluminum- 
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Figure 10—Approximate time required to sensitize annealed X5356 type alloy 
to stress corrosion cracking. Stress: 75 percent yield strength by simple beam 
loading; exposure: 3.5 percent NaCl alternate immersion, 
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Figure 13—Electron micrograph of X5356 alloy, —H12 

temper, heated one year at 400 F. Note extremely 

large particle size of — Keller’s etch, one 
second. 


magnesium alloys, is not a substitute for 
actual exposure to a given environment, 
but it does correlate sufficiently with 
data from such tests to predict qualita- 
tively the expected resistance of these 
alloys to stress corrosion. 

The method employs the same _ tech- 
nique and procedures developed by R. 
H. Brown some years ago. The main 
difference is that the solution potential 
is followed over a longer period of time, 
usually 10 hours, and most significance 
is attached to the shape of the time- 
potential curves obtained. The potentials 
are measured in a solution (at 30 C 
containing 53 grams of NaCl and 3 
grams of H,O, per liter, using a 0.1 
normal calomel reference electrode. The 
time-potential curves for several alumi- 
num-magnesium alloys representing dif- 
ferent metallurgical conditions are shown 
in Figure 17. 

The shapes of these curves are deter- 
mined by a number of electrochemical 
factors, such as relative areas of the 
anodes and cathodes, the extent of po- 
larization of each and the effects of the 
reaction products. Recent measurements 
under the above conditions have shown 
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figure 14—Electron micrograph of 5154 alloy, —0O 
t mper heated one year at 212 F. Note partial out- 
haing of grain boundaries by precipitate. (0.01 per- 
c nt Cu, 0.14 percent Fe, 0.07 percent Si, 0.02 per- 
c-nt Mn, 3.35 percent Mg, 0.20 percent Cr, 0.02 
percent Ti). Keller’s etch, one second. 
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Figure 17—Effects of prolonged heating on the solu- 
tion potentials of aluminum-magnesium alloys in 
strain-hardened temper, 


that the potential of the q@ (AI-Mg) 
phase is —1.24 volts and is therefore 
anodic to the aluminum-magnesium 
solid solutions that have potentials in 
the range of —0.84 to —0.86 volts for the 
alloys under consideration. Comparisons 
show that the increase in the time-poten- 
‘ial curve corresponds to an increase in 
he amount of the @ (Al-Mg) precipi- 
tate, as revealed by microscopic exami- 
nation. The more continuous the pre- 
cipitate along the grain boundaries the 
inore sustained and intense the electro- 
‘hemical action with the solid-solution 
iatrix, and the more susceptible is the 
lloy to stress-corrosion cracking. The 
me-potential curves of alloys with such 
licrostructures show an abrupt change 
1 the anodic direction as illustrated in 
igure 17 for 5154-H12 and X5356-H12 


heet heated for one year at 212 F. 


OF SERVICE 
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Figure 15—Electron micrograph of 5154 alloy, —H12 

temper, heated one year at 212 F. Grain boundaries 

are heavily outlined with precipitate. Only a small 

amount of precipitate is present within grains. Keller’s 
etch, one second, 


Figure 16—Electron micrograph of 5154 alloy, —-H12 
temper, heated one year at 300 F. Grain boundaries 
are only partially outlined with precipitate. Note 
heavy build-up of precipitate along grain boundaries 
and throughout grains, Keller’s etch, one second. 
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Figure 18—Effect of temperature on susceptibility to stress corrosion cracking. 


When the amount of the q@ (Al-Mg) 
phase is small, it is polarized to the 
potential of the matrix, and time-poten- 
tial curve does not change or changes 
only moderately with time. Unheated 
5154 and X5356 sheets have time-poten- 
tial curves of this type (Figure 17) and 
show high resistance to stress-corrosion 
cracking. 

Alloys having time-potential curves 
that fall in an intermediate position be- 
tween the above extremes may or may 
not be susceptible to stress-corrosion 
cracking. For example, the 5154-H12 
sheet heated 6 months at 212 F has a 
potential curve of this intermediate type 
(Figure 17) and was not susceptible to 
stress-corrosion cracking. In the case of 


lower magnesium alloys heated for long 
times at elevated temperatures, the 
amount of precipitation is sufficient to 
affect the time-potential curves to some 
extent but is not sufficiently continuous 
along grain boundaries to make the alloy 
susceptible to stress-corrosion cracking. 
The same structural relations and po- 
tential curves are obtained with alloys 
such as X5356, when heated for times 
and temperatures to the left of the solid 
line in the log time-reciprocal tempera- 
ture plot in Figure 9. 


Results of Corrosion Studies 

The results of corrosion studies on a 
number of aluminum-magnesium alloys 
are summarized in Figure 18. Here the 
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Figure 19—Electron micrograph of 5454 alloy, —H14 
temper, unheated. Note that there is no obvious out- 
lining of grain boundaries with precipitate. (0.03 per- 
cent Cu, 0.12 percent Fe, 0.10 percent Si, 0.82 per- 
cent Mn, 2.82 percent Mg, 0.11 percent Cr, 0.03 
percent Ti), Keller’s etch, one second. 


TABLE 2—Composition and Typical 
Mechanical Properties of Alloy 5454° 


| 
Strength, 103 psi | % Elong. 
| eae 

Tensile | Yield | 


Tempers or 4D 





Sheet and Plate 


DS 5 B89 36 17 
—H32?.... 40 3t 
—H343... 44 3é 
—H36.. 49 A( 
—H112 36 li 


Extruded Shapes and Tubes 





36 17 
36 18 
38 26 


! Nominal Chemical Composition: Mg, 
Mn, 0.80%: Cr, 0.10%. 

2 Maximum thickness is 2 inches. 

3 Maximum thickness is 1 inch. 


alloys are identified as to magnesium 
content, and their susceptibility to stress- 
corrosion cracking is indicated for both 
annealed and _ strain-hardened tempers 
and for various temperatures of heating. 
For reference, the solubility curve for 
magnesium in aluminum is also included 
in this figure. The open symbols on this 
graph indicate that neither the annealed 
temper nor the strain-hardened —H12 
temper (20 percent cold work) was sus- 
ceptible to stress corrosion after a year 
or more of heating at the indicated tem- 
peratures. The half open symbols indi- 
cate that the annealed temper was not 
susceptible but that the —H12 temper 
was, and the solid symbols indicate that 
both tempers were susceptible under the 
conditions employed in these tests. 

Three different regions are thus indi- 
cated in this graph, and curves have 
been drawn to show the expected per- 
formance of the various alloys and tem- 
pers for long service at elevated temper- 
atures. The positions of these curves are 
only approximate, as they are influenced 
by the past history of the metal. 

As shown in Figure 18, alloy 5052, 
regardless of temperature, was not sus- 
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Figure 20—Electron micrograph of 5454 alloy, —H14 

temper, heated one year at 200 F. No appreciable 

change in precipitation from that observed in Figure 
19. Keller’s etch, one second. 


ceptible to stress-corrosion cracking in 
either the annealed or strain-hardened 
tempers. Alloy 5154 and an alloy con- 
taining 4.12 percent Mg, 1.00 percent 
Mn, 0.03 percent Cu, 0.22 percent Fe 
and 0.10 percent Si were not susceptible 
to stress-corrosion cracking in the an- 
nealed temper but became susceptible to 
stress-corrosion cracking in the —H12 
temper after prolonged heating at 212 
F and 300 F. The alloy containing 4 
percent Mg and | percent Mn was also 
susceptible to  stress-corrosion cracking 
in the —H12 temper after long times of 
aging at room temperature. 

Alloy X5356 was susceptible to stress- 
corrosion cracking in the strain-hardened 
temper but not in the annealed temper, 
after long times of aging at room tem- 
perature. Both the annealed and _ the 
strain-hardened tempers of X5356_ be- 
came susceptible to stress-corrosion 
cracking after prolonged heating at 212 
F and 300 F. Neither X5356, nor lower 
magnesium alloys, were susceptible to 
stress-corrosion cracking after heating at 
400 F. 

The results of the above tests and the 
metallographic evidence of grain-bound- 
ary precipitation presented in Figures 
14, 15 and 16 point out the borderline 
position of alloy 5154 with regard to use 
at temperatures in the 180 F to 300 F 
range. Because of this, 5154 is not rec- 
ommended for most types of service at 
elevated temperatures. 

For such elevated temperature service, 
a new alloy known as 5454 is now rec- 
ommended. The composition and tensile 
properties of this alloy are reported in 
Table 2. The alloy 5454 has lower mag- 
nesium than 5154 but has about the 
same strengths because of the addition 
of manganese. The results of stress cor- 
rosion tests after heating 5454 at various 
temperatures are indicated in Figure 18. 
Dotted symbols are employed because 
5454 has not been tested as extensively 
as other alloys shown in this figure. No 
susceptibility to stress-corrosion cracking 
was detected after six months of heating 
at 200 F or 300 F; samples heated one 
year at temperature are being corrosion 


Figure 21—Electron micrograph of 5454 alloy, —H14 

temper, heated one year at 300 F. Note larger par- 

ticle size, but still no obvious outlining of the grain 
boundaries. Keller’s etch, one second, 


tested now. No failures have occurred 
after over 2’ months in the stress cor- 
rosion tests. 

In addition to these corrosion tests, 
other reasons indicate that 5454 will not 
become susceptible to stress-corrosion 
cracking on heating at elevated temper- 
atures. This is based not only on the 
evidence presented in Figure 18, which 
indicates that an alloy of this magne- 
sium content should have good stability 
at elevated temperatures, but also on 
the results of metallographic examina- 
tions of heated specimens and on meas- 
urements of solution potentials. As shown 
in Figures 19, 20 and 21, heating 5454 
for one year at 200 F or 300 F produced 
little or no grain-boundary precipitation 
and little change in structure, even in 
the strain-hardened temper. Based on 
experiences with other aluminum-mag- 
nesium alloys, such structures do not 
produce susceptibility to stress-corrosion 
cracking. Measurements of the solution 
potentials of heated 5454 tend to cor- 
roborate the results of the metallographic 
studies. As shown in Figure 17c, the 
curves do not show the abrupt change in 
potential associated with alloys and struc- 
tures that are susceptible to stress-corro- 
sion cracking. Based on these observa- 
tions, it seems certain that 5454 will 
provide excellent service in most appli- 
cations at elevated temperatures. 


Mechanical Properties 

Properties such as strength, stress rup- 
ture and creep are important in select- 
ing alloys for service at elevated temper- 
atures. Unfortunately, tests on alloy 
5454 at elevated temperatures have not 
progressed sufficiently to warrent pub- 
lishing a complete list of mechanical 
properties. Some general conclusions can 
be drawn from available data, and from 
study of the established properties of 
the aluminum-magnesium alloys at room 
temperature. 

The tensile properties of 5052, 5154, 
and 5454 sheet at room temperature are 
compared in Figure 22. In this graph, 
—0 indicates the annealed condition, and 
-H3 the strain-hardened and _ stabilized 
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tempers. The data show that 5454 tends 
to be slightly stronger than 5154 in all 
tempers. Both alloys are substantially 
stronger than 5052. 

Che fatigue strengths of 5454-0 plate 
are shown in Table 3. These represent 
tests on only one lot of material and 
cannot be considered typical for this 
alloy and temper. The fatigue strengths 
fer this particular lot of plate, however, 
were substantially greater than those for 
5 54-0 plate. 

The tensile properties of 5052-0, 
5 54-0 and 5454-0 at other temperatures 
are presented in Table 4. Limited tests 
sow that the strength of 5454-0 is about 
1100 psi greater than that of 5154 up 
‘ 400 F, the useful temperature range 
{or alloy 5454. The increasing strength 
and ductility of 5052, 5154 and 5454 at 
- 1b-zero temperatures is characteristic of 

luminum alloys in general and is in 
‘ontrast to the behavior of some ferrous 
lloys employed for structural purposes. 
‘his characteristic of aluminum was one 
f the most important factors influenc- 
ag the selection of the aluminum-mag- 
iesium alloys for the construction of 
arge ocean-going and stationary tanks 
nu low temperature (-—260 F) liquid 
nethane service.’ 

The results of stress-rupture tests on 
1052-0, 5154-0 and 5454-0 at tempera- 
ures of 300 F and 400 F are presented 
in Table 5. In general, the results of 
these tests are consistent with the rela- 
tive differences shown in tensile tests on 
the different alloys, 5454-0 having the 
highest rupture strength and 5052-0 the 
lowest. 

Weld strengths are also of great im- 
portance because the ease with which 
the aluminum-magnesium alloys can be 
joined by welding is one of their out- 
standing characteristics for use in struc- 
tural applications. These alloys should 
he welded by the inert-gas consumable- 
electrode process to obtain joints of the 
highest mechanical efficiency. The prop- 
erties obtained on welding 5454 plate of 
various thicknesses using parent metal 
filler wire are shown in Figure 23. Aver- 
age tensile properties are substantially 
higher than the minimum guaranteed 


tensile strength, based on the annealed 
properties of this alloy. 
Summary 
The results of this research have 


shown that the resistance of the nonheat- 
treatable aluminum-magnesium alloys to 
stress corrosion is strongly influenced by 
the time and temperature of heating in 
applications at elevated temperatures. 
Susceptibility to stress-corrosion crack- 
ing is closely related to the precipitation 
of the @ (Al-Mg) phase at the grain 
boundaries. Precipitation of this phase 
is greatly increased by exposure to 
slightly elevated temperatures and_ is 
more rapid in the strain-hardened tem- 
pers than in the annealed condition. 
Precipitation also increases with magne- 
sium content, and alloys containing 


more than about 3 percent Mg are not 
recommended for prolonged use at tem- 
peratures above 150 F. 

For the most severe type of service at 








elevated temperatures, either 5052 or a 
new alloy known as 5454 is recom- 
mended. These alloys have shown little 
or no grain boundary precipitation on 
heating sheet and plate for periods up 
to two years at temperatures in the 
range of 200 F to 400 F. Service experi- 
ence on 5052 and limited corrosion tests 
on 5454 substantiate the excellent resist- 
ance of these alloys to stress corrosion. 
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Discussion by H. P. Godard, Aluminium 
Laboratories, Ltd., Kingston, Ontario: 
I would like to compliment Mr. Dix 
and his team at Alcoa Research Labora- 
tories for this most valuable contribution 
to the corrosion metallurgy of alumi- 
num alloys. The use of aluminum-mag- 


TABLE 3—Results of Rotating Beam Fatigue Tests of Some Annealed Aluminum-Magnesium 


Alloy Plate 


Fatigue Strength,* psi, at Indicated No. of Cycles 
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WARGO Ey teases 26,000 | 23,000, | 22,000 21,000 | 21,000 

Chemical Composition— % 
] 
| Cu Fe | Si | Mn | Mg | Cr | Ti 
-—-— —-—— as | 

POM. 5 tard Cake Saxe (Nominal Composition) } 2.50 25 | Pati 

BBs ic cvseanvice sods +) a he a ho ae eee es 

1 1 Re aes 02 | 7 a 02 3.66 | 29° | .04 

BAM eek Lustio .00 16 | .08 76 | 2.82 10 | 01 











* Using smooth specimens. 


TABLE 4—Tensile Sep of Some Aluminum Alloys at # Various Temperatures* 












































as 
ALLOY 5052- 0 ALLOY 5154- 0 | ALLOY 5454-0 
Strength, 103 psi % "Strength 103 psi % . Strength, 103 psi % 
Degrees |—— Elong. |——--—— ;——_--- Elong. |— ———| Elong. 
F Tensile | Yield | in 4D | Tensile | Yield in 4D | Tensile fensile | Yield ‘Yield in 4D 
—390... Te a a a 42 a ae 42 
—112.. 30 13 36 36 | 17 30 38 17 30 
— 18.. 28 13 32 35 17 26 36 17 26 
wees ts 28 13 30 35 17 25 36 17 25 
212.. 28 13 35 | 35 17 30 36 17 30 
300. . 24 13 45 29 17 40 30 | 17 40 
400. . 18 11 65 22 15 55 | 23 | 15 | 55 
500. . 12 8 80 16 11 | 70 16 11 70 
600.. 7.5 5 100 11 7.5 | 95 | 11 | 7.5 95 
700. . 5 3 120 | 6 | 4.5 120 | e-4 4.5 120 
800.. 3.5 2.5 120 | 3.5 | 2.5 120 | 3.5 2.5 | 120 
Wess ai 2 1.5 110 | 2 1.5 | 110 | 2 1.5 110 
1D... «| 1.5 1 85 | 1.5 1 85 1.5 1 85 
* See Table 3 for chamleed commuaitious. 
TABLE 5—Stress Rupture Strengths of Aluminum-Magnesium Alloys 
ar Elevated ee 
me RUPTURE STRESS, 103 PSI 
Time Under = eee ———- - ~ = 
DEGREES F | Stress, Hr. | 5052-0 5154-0 | 5454-0 
RA eae eee et 0.1 24 | 27 28 
1 21 25 26 
10 18 21 | 22 
100 16 18 18 
1000 13 14 | 14 
MRE cae Pe eae es i 0.1 | 18 20 | 22 
| 1 | 15 17 18 
| 10 11 13 14 
100 8.5 9.5 } 10 
1000 | 6 6 7 
| 10000 4.5 4.5 | 5 
eo | 





* * See Table 3 for aiid compettaions. 
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Figure 22—Comparative properties of sheet. 


nesium alloys is increasing, and a better 
understanding of their properties will 
help their being used intelligently. The 
influence of temperature on alloys cen- 
taining more than 3 to 4 percent mag- 
nesium is most important and is a sub- 
ject under current study in our laboratory 
also. In general, we share the views ex- 
pressed by Mr. Dix. There are, however, 
a few minor points of comment: 

1. Perhaps because I am a_ chemist 
and not a metallurgist, I am surprised 
at the nomenclature q@ (Al-Mg) for the 
precipitated aluminum-magnesium con- 
stituent. It is my understanding that in 
ordinary metallurgical parlance the term 
“alpha” is always applied to the solid 
solution while the term “beta” is applied 
to the precipitate. Certainly in the Eng- 
lish and European literature the precipi- 
tate being discussed is always referred 
to as the beta phase. 

2. It was said that commercial prac- 
tice for the —H3 tempers for aluminum- 
magnesium alloys includes heating for 
about four hours at 250 F to produce a 
more ductile product with stable me- 
chanical properties at room temperature. 
This is sometimes referred to as stabili- 
zation. In our experience this treatment 
should not be used on alloys containing 
more than 3 percent magnesium because 
it will induce susceptibility to stress cor- 
rosion, especially at higher magnesium 
contents, for example at 5 percent mag- 
nesium. Alternately heating at 437 F 
225 C), which is just below the solid 
solubility line on the equilibrium dia- 
gram, will produce the increased stabil- 
ity desired. It will, of course, reduce the 
mechanical properties, but, for example 
at 5 percent magnesium, a cold worked 
alloy can be so treated to have the same 
mechanical properties and superior stress 
corrosion resistance to the annealed alloy 
stabilized at 250 F. We have never seen 
a continuous grain boundary precipitate 
on aluminum-magnesium alloys contain- 
ing less than 5 percent Mg heated at 
437 F. 

3. The time solution 
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ELECTRODE WELDS BOTH MADE WITH 5454 FILLER WIRE 


avenace | ARGON-SHIELODEOD TUNGSTEN-ARC WELDS AND ARGON-SHIELDED CONSUMABLE 


MINIMUM 


NUMBER OF TESTS INDICATED BY ADJACENT FIGURES 


technique for the laboratory study of 
susceptibility to intergranular corrosion 
is new. It looks most interesting, and we 
shall try it out at once. 


4.In place of alternate immersion in 
3 percent salt solution we have em- 
ployed a more rapid test in which the 
specimen is stressed at 75 percent of the 
yield, immersed in normal (5.75  per- 
cent) salt solution and an impressed cur- 
rent of 40 milliamperes per square inch 
applied. This test places aluminum- 
magnesium alloys in the same order as 
the salt solution test, and results are ob- 
tained in hours and days instead of weeks 
and months. 


5. It was stated that heating at 400 
to 450 F produces a relatively coarse 
Al-Mg constituent throughout the grain 
and does not lead to a continuous grain 
boundary precipitate or to susceptibility 
to stress corrosion. This is true, but it 
should be observed that in this condition 
the alloy is susceptible to pitting. 

6.On the basis of our experience, the 
new 5454 alloy should have the resist- 
ance to the influence of temperature 
claimed. In the matter of properties, it 
should be remarked that the one percent 
manganese content will appreciably 
lower its formability. 


Reply by E. H. Dix, Jr., W. A. Ander- 
son and M. B. Shumaker: 

We would like to thank Dr. Godard 
for his kind remarks and discussion of 
our paper. Taking up his points in 
order, we would like to comment: 

1. The designation @ (Al-Mg) is con- 
sistent with a uniform system of nomen- 
clature initiated many years ago by one 
of the authors in order to simplify the 
naming of the complicated phases in the 
aluminum alloys. It has been used in 
the majority of Alcoa publications in re- 
cent years. The system was fully de- 
scribed by W. L. Fink* and is believed 


* W. L. Fink. Physical Metallurgy of Aluminum 
Alloys. American Society for Metals, 1949. 


Figure 23—Strength and ductility of Butt (groove) welds in 5454 plate. 


to have considerable merit at least for 
the aluminum alloys. As Dr. Godard 
points out, it has not been generally 
adopted in this country or abroad. The 
ASTM is currently reviewing nomencla- 
ture for the designation of alloy phases 
and hopes to establish soon a system 
that will have universal acceptance. 

2. Dr. Godard’s experiences regarding 
the effects of stabilization on the resist- 
ance to corrosion of the cold- 
worked aluminum-5 percent magnesium 
alloy closely parallel our own. Stabiliza- 
tion at 250 F of the cold-worked alloy 
does tend to increase the susceptibility 
to stress corrosion slightly when the 
alloys are tested shortly after fabrication. 
After extended room temperature aging, 
however, the stabilized (-H3) type tem- 
pers of strain hardened alloys show some 
superiority over the cold-worked type 
tempers, and the -—H321 tempers of 
X5356 and 5456 have marked superi- 
ority in resistance to stress-corrosion 
cracking over the —HI type tempers. 
The latter are not used commercially 
for these alloys. There is no need, of 
course, for stabilization of the annealed 
temper as the properties of the alloy in 
this condition are not subject to change 
with room temperature aging. 


stress 


3. We will be interested in learning of 
the results which Dr. Godard obtains 
with the new long-time solution poten- 
tial technique. 


4.In our early work on stress-corro- 
sion cracking, we employed electrolytic 
stress-corrosion tests controlling the po- 
tential but were unable to standardize 
on conditions which would reliably rate 
the alloys in order of resistance to stress- 
corrosion cracking. We are interested in 
checking the results which Dr. Godard 
has obtained with the specific conditions 
described in his discussion controlling 
the current rather than the potential. 
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An Electrochemical Study 
Of Aluminum And Aluminum Alloys* 


By E. M. KHAIRY and M. KAMAL HUSSEIN 


Introduction 


‘XTENSIVE USE of aluminum alloys 

j in industry suggests a careful study 
of their important electrochemical phe- 
nc nena. Measurements of their electrode 
p entials in aerated buffer solutions ini- 
ti lly free from the metal ions provide 
ir ormation regarding the manner of 
a oy oxidation and the prevailing surface 
c aditions. Many other electrode phe- 
n-mena may be determined from anodic 
polarization experiments in various 
nedia. In a previous investigation! the 
r petitive oscillographic method was used 
t« examine the corrosive action of chlo- 
ride ions on the anodic behavior of sev- 
e:al aluminum alloys in comparison with 
the behavior of pure metal. The measure- 
ments are now extended to obtain addi- 
tional data and to clarify the specific 
elfect of different foreign constituents 
frequently alloyed with aluminum. 


Experimental 


The static electrode potential behavior 
of the aluminum base alloys (R, Dura- 
lumin, M 22, DK and S 2) was investi- 
gated in buffer solutions initially free 
from the metal ions. Composition of 
alloys is shown in Table The buffer 
solutions were chosen from the Clark and 
Lubs-Ringer series covering the pH 
range 1 to 12, shown in Table 2 

The measurements were taken at 25 
C using a saturated calomel electrode 
as a reference half cell. 

The anodic behavior of the Duralumin, 
M 22 and S 2 alloys was studied by the 
repetitive oscillographic method. Experi- 
ments were conducted at 25 C in buffer 
solutions within the pH range 3 to 12 
and in 1-10-? N phosphoric acid solu- 
tions. Behavior of the spectroscopically 
pure metal was also investigated in the 
latter media. Oscillograms were made of 
the potential change with the quantity of 
electricity during the passage of a con- 
stant anodic current through a series 
condenser and the cell. Eventually a 
specified potential across the condenser 
is reached and a rapid discharge occurs, 
with the quantity of electricity passed 
during the cathodic discharge being equal 
to that passed during the anodic charg- 
ing. The horizontal shift of the cathode 
ray track is proportional to the quantity 
of electricity, and the vertical shift rep- 
resents the variation of potential. 

Cells, devices and electric circuits were 
‘imilar to those used in previous work.” 


Results and Discussion 


tatic Electrode Potential Behavior 
The electrode potential steady states in 
uffer solutions initially free from their 
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ions are usually achieved within 2 to 3 
hours from immersion, remaining stable 
overnight but subject to occasional drifts 
towards more positive values. By plot- 
ting the corresponding steady state po- 
tentials calculated on the hydrogen scale 
(E,,) against pH, curves are obtained for 
the R, Duralumin, M 22, DK and S 2 
alloys, which are shown in Figures 2 
through 6 respectively. Each of these 
curves, like that obtained with the spec- 
troscopically pure metal (Figure 1) in a 
previous investigation,® can be subdivided 
into three main parts extending over the 
pH ranges 1 to 3, 4 to 8 and 9 to 12, 
where aluminum hydroxide shows differ- 
ent solubility curves. The reference lines 
depicted in each curve correspond to 
the Al/Al(OH)., couple, to the AI/Al 
(OH) ./OH- system and to the reversible 
hydrogen electrode. The first line repre- 
sents the equilibrium potential for the re- 
action 

A] + 3 OH- = Al(OH), + 3 e, (1) 
which yields a standard electrode poten- 
tial of —1.486 v for the AI/Al(OH), 
couple within the range of stability of 
aluminum hydroxide.5 The second line 
represents the thermodynamic potentials 
of the AI/Al(OH), couple in presence of 
appropriate concentrations of OH- ions 
beyond the limit of stability of the hy- 
droxide. The equilibrium potential of 
such a compound system (AI/Al(OH),/ 
OH-) is calculated by the reaction 


Abstract 


Studies of the static electrode potentials of 
the R, Duralumin, M 22, DK and S 2 
aluminum base alloys show that these alloys 
have the same behavior as pure metal in 
buffer solutions initially free from_ metal 
ions within the pH range 1 to 8. The re- 
petitive oscillographic method was used to 
examine the corrosive action of chloride 
ions on the anodic behavior of the alloys 
studied. Oscillograms are presented to show 
the potentials of the alloys in various pH 
ranges. Composition of the buffer solutions 
at various pH levels are given in tables. 

6.4.2 


Al + 4OH- = Al O-, + 2H,O + 3e, 
(2) 
with the concentration of the AlO-, de- 


termined by the equilibrium 
Al + OH- = AlO-, +2H,O (3) 


Using the AF° values given by Latimer® 
for the AlO-,, H,O and OH- the poten- 
tial for reaction 2 is given by 


Ey = —1.28 + 0.02 log agio-, —0.08 pH 
or 
Ey = —0.444 + 0.02 log agio-, 
— 0.08 pH (4) 


Substituting for a,;9-, from the relation 


anion 
K =—“"2 = 5 X 10" 
4on- 
where K is the equilibrium constant of 
reaction 3, the potential of the compound 
system Al/Al(OH),/OH- is given by 


E,, = —0.85 — 0.06 pH (5) 


Therefore, aluminum covered with an 
oxide layer behaves in alkaline media as 
a hydrogen electrode if an equilibrium is 
established between the surface oxide and 
the OH- ions in its vicinity. This may 
take place readily in slightly alkaline 
solutions and also in rather strong media 
when the oxide posseses a_ protective 
nature. 

Regarding the electrode behavior with- 
in the above pH ranges, the investigated 
aluminum alloys manifest characteristic 
behavior which depends, to a certain 
extent, on the constitution of the alloy. 


Behavior of the R Alloy—Results ob- 
tained with the base alloy R_ indicate 
that the behavior of the R alloy within 
the pH range | to 4 is almost the same 
as that manifested by the spectroscopic- 
ally pure metal. The oxide and. the metal 
are supposedly dissolved in such acid 
media with a rate which decreases more 
or less regularly with increase of pH 
from 2 to 4, shifting the potential toward 
the hydrogen electrode potential, subject 
to overvoltage effect. The increased dis- 
solution occurring in the extreme acid 
range is substantiated by the fact that 
the first steady state potentials are ap- 
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Pr 2s ese 9 wuKes pH 


Figure 1—Spectroscopically pure aluminum in buffer 
solutions. 


Ey IN VOLTS 


re 2 ee ee 


Figure 2—R alloy in buffer solutions. 


TABLE _1—Composition of Alloys 





Alloy 


Duralumin ee 
N 


DK. 














Buffer 
Solution 


pH 1 0.1 M-HC1 and KCl. 
pH 2.2 50 ml 0.2 


pH3.0 | 50 ml02 


M- KH phth alate + 46. 60 ml 0.2 


M-KH phthalate et 20. 4 ml 0.2 M- HC 1 diluted to 200 ml. 


Composition 


> M- HCl diluted to 200 ml. 


pH 4.0 | 50 ml 0.2 M-KH phthal: ate as 0.4 mil 0.2 2 M- NaOH ‘diluted to 200 ml, 


pH 5.0 50 ml 0.2 
pH 6.0 50 ml 0.2 
pH 7.0 50 ml 0.2 
pH 8.0 50 ml 0.2 


pH 9.0 | 50 ml 0.2 M-HsBO3 + 21 40 ml 0.2 


M-KH phthi alate + 23.65, mi 0.2 M- NaOH diluted ¢ to 0 200 ml, 


M- KH “phthe al ate ¥ 45.40 ml 0.2 2 M- -NaOH ‘diluted | to 2( 00 ml. 


M- KH 2PO4 + 29. 54 ml 0.2 M- NaOH diluted to > 200 mi. 


M- KH2 PO4 * 46. 85 ml 0.2 2 M- NaOH diluted to 200 mi. 


M- NaOH diluted to 200 ml. 


pH 10.0 | 50 ml 0.2 M- H3BO3 ng 43.90 ml 0.2 M- NaOH diluted | to , 200 ml. 


pH 10.97 | 50 ml 0.15 M- N a2HPOs + 15 ) ml 0.1 M- NaOH. 


pH 12 50 ml 0.15 M- Naz HPOs +- 75 ml 0. 1 M- NaOH. 


proached at pH | and 2 from appre- 
ciably more positive values. Within the 
pH range 4 to 8, the range of stability 
of aluminum oxide, the electrode ac- 
quires pronounced passive potentials 
which are much more positive than the 
reversible metal-to-metal oxide values. 

Passivity may be caused by an inhibi- 
tive oxide with an overlayer of oxygen 
film which acts as a potential energy 
barrier contributing the observed over- 
voltage effect. The foreign constituents, 
particularly traces of silicon, introduce a 
corrosive reaction which makes the elec- 
trode responsive to variations of pH, un- 
like its behavior when made of pure 
metal. This can be observed in the linear 
trend of the E,,/pH plot with a slope of 
52 mv/unit pH, approximating the theo- 
retical slope of a metal-to-metal oxide 
electrode. 
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The third zone of the curve (pH 9-12), 
characterized by much more negative po- 
tentials shifting towards the thermody- 
namic values of the Al/Al(OH),/OH- 
system, simulates closely the correspond- 
ing behavior of the pure metal. This 
behavior indicates that the surface oxide 
and/or the metal interact with hydroxyl 
ions giving aluminate ions, an equilib- 
rium being set up presumably between 
the undissolved oxide and hydroxyl ions. 
The passive nature of the pre-immersion 
oxide plays an important role in ham- 
pering the complete dissolution of the 
surface oxide even in the extreme alka- 
line range (pH 12). 


Behavior of the Duralumin and the Sili- 
con Containing M 22, DK and S 2 Al- 
loys—Inspection of the E,,/pH plots ob- 
tained with M 22, DK and §S 2 alloys 


$s ¢ 7 8 9 10H 12 On 





Figure 4—M 22 alloy in buffer solutions. 


reveals that they have the same general 
behavior as the spectroscopically pure 
metal within the pH zones 1 to 4 and 
4 to 8. The underlying phenomena 
should be explained similarly. 

Unlike the behavior of the pure metal 
and R alloy, these alloys give N-shaped 
curves within the pH range 8 to 12, with 
sharp potential jumps at ~ pH 9 and 12. 
The potential rise occurring at pH 9 may 
be caused by partial dissolution of the 
metal and/or the oxide yielding alumi- 
nate ions. The electrodic behavior is thus 
governed by the Al/Al(OH).,/OH?- sys- 
tem. That the potential falls again at pH 
10 to a passive value is caused apparently 
by some specific effect introduced by the 
foreign constituents in the alloy which 
hamper the dissolution process. Since 
these alloys contain magnesium and iron, 
it appears desirable to calculate the pH 
value of the complete precipitation of 
both ferrous and magnesium hydroxides. 
For this purpose the equilibrium con- 
stant of the reaction 


Fe(OH), = Fet+ + 2 OH- 


has been calculated as equal to 10-!*’, 
from the respective standard free energies 
of the ferrous ion, hydroxyl ion and fer- 
rous hydroxide. The pH of complet 
precipitation of ferrous hydroxide is 
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Figure 5—DK alloy in buffer solutions. 





Figure 6—S 2 alloy in buffer solutions. 


equal to 9.2. Taking the value reported 
by Pourbaix* for the solubility product 
of magnesium hydroxide, the pH of its 
complete precipitation amounts to 10.43. 

From these calculations, one can ex- 
plain the potential drops at pH 10 and 
occasionally at pH 11 as the precipita- 
tion of ferrous and magnesium hydrox-: 
ides, the formation of which leads to the 
subsequent depletion of OH- ions in the 
vicinity of the electrode surface and 
hence to the suppression of the dissolu- 
tion process. The E,,; values recorded at 
pH 9 in all the alloys and at pH 11 in 
the Duralumin alloy, though acquiring 
relatively active potential values within 
the first three hours, manifest consider- 
ible drops toward more positive values 
when left overnight in contact with the 
‘lectrolytes. This indicates that the elec- 
‘rode surface tends to regain its protec- 
ive nature with time in solutions of pH 
values lying in the neighborhood of the 
precipitation ranges of ferrous and mag- 
1esium hydroxides. This point is further 
orroborated by the behavior of the R 








Figure 7—Duralumin alloy at pH 3. 


alloy, whose E;,/pH plot does not show 
such potential drops since this alloy con- 
tains no magnesium but traces of iron, 
too small to introduce any appreciable 
effect. At pH 12, on the other hand, 
where a preponderance of OH- ions is 
available, the process of precipitation 
does not interfere materially with the 
dissolution process and hence the ac- 
quired active potentials. 

A characteristic feature of the curves 
corresponding to the Duralumin, M 22 
and S 2 alloys is that the E,, values, 
obtained both on the extreme acid side 
(pH 1 and 2) and in the alkaline solu- 
tions where the dissolution process pre- 
dominates, fall on a straight line running 
more or less parallel to the reversible 
hydrogen electrode line. This can be ex- 
plained on the premise that the processes 
of metallic dissolution and of hydrogen 
evolution are enhanced through local 
action, with aluminum acting as anode 
and the more noble metal as cathode. 
The electrode behaves under such condi- 
tions as a hydrogen electrode subject to 
a certain over-voltage effect, the foreign 
constituent supposedly possessing a low 
hydrogen overvoltage effect. 

Such a state is fulfilled by copper in 
the Duralumin alloy and by silicon in 
the other alloys. However, silicon is 
more active in catalyzing the local action 
process than copper as revealed by the 
lower E, value obtained by extrapolating 
the straight lines to pH = 0. These lines 
give a more or less constant E, potential 
which amounts to —0.38 v as compared 
with a value of —0.53 v attained with 
the Duralumin alloy. This behavior can 
be attributed to the decided tendency of 
silicon to form hydrides with subsequent 
decrease of the hydrogen overvoltage. 
Such a local action process proceeds pre- 
sumably at a higher efficiency with in- 
crease of the silicon content in the alloy 
(> 1 percent Si). 


Anodic Behavior of Aluminum Alloys 
In order to investigate the anodic be- 
havior of aluminum alloys by the repeti- 
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Figure 8—M 22 alloy at pH 3. 





Figure 9—S 2 alloy at pH 3. 


tive oscillographic method, it seems de- 
sirable to compare experiments using 
Duralumin, M 22 and the S 2 alloys, the 
first containing copper, the second traces 
of silicon and the third as high as 12 
percent silicon. All three alloys contain 
also varying amounts of magnesium and 
1ron. 


Experiments in Buffer Solutions—Figures 
7 through 9 contain the oscillograms 
obtained with the above three alloys at 
pH 3, representing the behavior in the 
acid region. The curves A, B, C and D 
were taken at 8.5, 11, 11 and 12 ma/cm’, 
with 1, 0.5, 1 and 1 uF condensers, re- 
spectively. These curves reveal the occur- 
rence of a sudden potential jump after 
the removal of any adsorbed hydrogen 
(domain “ab”) and the charging of the 
double layer (domain “bce”) have been 
completed. The potential frequently ac- 
quires a value of about 2 v at which 
oxygen evolution takes place. This indi- 
cates that the electrode is passivated 
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Figure 10—Duralumin alloy at pH 7. 


readily in such acid solutions simulating 
the behavior previously encountered by 
the pure metal. The attainment of prom- 
inent passivity is substantiated by the 
low double layer capacities which amount 
to 10, 13, 11 and 5 wF/cm? for curves 
A, B, C and D, as computed from the 
slopes of the respective linear parts of 
rapid build-up of potential. The passi- 
vating layer probably consists of alumi- 
num oxide which is temporarily formed 
through the interaction of a relative pre- 
ponderance of metal ions with hydroxyl 
ions in the vicinity of the electrode sur- 


face, a process which is presumably en- 
hanced through local action. A remark- 


able feature of these curves is the 
tendency of the potential to fall toward 
more active values after gas evolution 
occurs, a process which takes _ place 
readily on passing an appreciable quan- 
tity of electricity (curves A and D 
This fall is associated with the appear- 
ance of oscillations demonstrating the 
periodic activation and passivation of the 
electrode surface, apparently caused by 
the partial destruction, and re-establish- 
ment of the passivating surface film. 

The behavior of the three alloys at 
pH 7 is represented by the oscillograms 
shown in Figures 10 through 12. The 
applied current densities were 11.5, 9, 
9.2, 3 and 6.5 ma/cm? using 0.3, 1, 1, 
0.5 and 2 uF condensers for curves E, 
F, G, H and I, respectively. The oscillo- 
grams obtained by the Duralumin and 
M 22 alloys have the same general shape 
inasmuch as pronounced passivity — is 
readily achieved by the time the double 
layer has been fully charged, even when 
relatively low quantities of electricity 
curve E) are used. This is shown both 
by the pronounced potential jumps _to- 
ward O, evolution and by che calculated 
capacities of the double layers which 
amount successively to 7, 3 and 14 pF/ 
cm*. The curves are also characterized 
by gradual potential changes preceding 
QO, evolution which may be caused by 
adsorption of the discharged O, on the 
electrode surface after passivity has been 
attained. 


66t 


Figure 11—M 22 alloy at pH 7, 


When an appropriate quantity of elec- 
tricity (curve I) is applied to S 2 alloy, 
the behavior is similar to that of the 
other two alloys. Nevertheless curve H 
of alloy S2 is characterized by two well 
defined stages occurring within its third 
domain after the double layer has been 
built up. The behavior manifested by the 
latter curve may be explained on the 
premise that the presence of a consider- 
able amount of silicon alloyed with the 
metal (12 percent) produces a_ local 
action cell with aluminum acting as the 
anode and silicon as the cathode. The 
metal ions released anodically may react 
with the phosphate ion present in the 
solution leading to the subsequent pre- 
cipitation of aluminum phosphate through 
the pores of the surface oxide, a process 
which takes place presumably along the 
potential range ~0.5-1.3 v. After this salt 
layer has assumed appreciable thickness, 
passivity is attained and the potential 
jumps toward O, evolution occurring at 
~3 v. The corrosive effect caused by 
the local action process may be deter- 
mined from the comparatively higher 
double layer capacities achieved by both 
curves H and I, amounting to 32 and 
24 pF /cm®? respectively. 

After polarizing the alloys in buffer 
solutions from pH 9 to 11, the electrodes 
show the same behavior as that generally 
encountered within the neutral range. 
Passivity is achieved simultaneously as 
the double layer has been fully charged 
and oxygen is invariably evolved at a 
potential of ~ 3 v. A representative curve 
is shown in Figure 13 which was taken 
at pH 11 by the M 22 alloy, at 8 ma/cm? 
with a 1 uF condenser. This and similar 
curves give double layer capacities which 
average to ~10 uwF/cm?. The onset of 
prominent passivity within that pH range 
may be attributed to the formation of a 
protective oxide film. In the pores of 
this film, magnesium and/or ferrous hy- 
droxides are precipitated through the 
interaction of metal ions and OH- ions 
in the vicinity of the anode surface. Al- 
though the above behavior corroborates 
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Figure 12—S 2 alloy at pH 7. 


the static electrode potential behavior of 
the alloys, it deviates considerably from 
the behavior of pure metal which was 
shown to exhibit pronounced activity 
within the above pH range.’ 

Consideration of the oscillograms ob- 
tained with the three alloys at pH 12, 
reveals the identity of behavior and the 
close similarity to the behavior of pure 
metal. The representative curve shown 
in Figure 14 was taken with the M 22 
alloy at 12 ma/cm? and a 2 uF con- 
denser. The charging of the double layer 
taking place through the gradual poten- 
tial rise following the desorption of any 
adhering hydrogen gives a mean value 
for the double layer capacity of 100 
uF/cm? indicating the marked activity 
of the electrode surface. This may be 
attributed to the attack exerted on the 
protective oxide in such alkaline solu- 
tions, the pH value of which lies beyond 
the pH of precipitation of magnesium 
and ferrous hydroxides. 

After the double layer has been built 
up, the curves show two distinct stages 
lying at ~0.2 and 0.5 v. The former 
stage may correspond to precipitation of 
aluminum and/or magnesium hydroxides 
and the latter to the formation of a thin 
film of aluminum oxide through the dis- 
charge of OH- ions. The oxide film 
which supposedly extends beneath the 
salt layer renders the electrode surface 
passive, and the potential jumps toward 
O, evolution which occurs at 1.2 v. 


Experiments in Phosphoric Acid Solu- 
tions—The anodic behavior of the pure 
metal and of Duralumin, M 22 and S 2 
alloys has been investigated in phos- 
phoric acid solutions of concentrations 
ranging from 1 to 10-2 N. The curves A 
and B depicted in Figure 15 were ob- 
tained in 10-! and 10-2 N_ phosphoric 
acid with the  spectroscopically pure 
metal. The polarizing current densities 
were 7.9 and 10.7 ma/cm?, respectively, 
a 1-uF condenser being applied in each 
case to supply the electricity required. 
The former curve A comprises two dis- 
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Figure 13—M 22 alloy at pH 11. 


lomain after the double layer has been 
fully charged (capacity = 17 pF/cm?). 
Che first stage probably corresponds to 
ihe formation of a phosphate layer, and 
the second stage may be ascribed to the 
formation of a thin oxide film beneath 
the phosphate layer, a process which 
takes place through the discharge of hy- 
droxyl ions making the electrode surface 
passive. The potential then shifts towards 
oxygen evolution which occurs at about 
0.7 v. Curve B reveals the rapid attain- 
ment of passivity in the more dilute 
solution, as shown by the pronounced 
oxygen evolution potential of 2.24 v. 

The Duralumin, M 22 and S 2 alloys 
exhibit more or less the same behavior 
in phosphoric acid solutions. Their be- 
havior is best represented by the oscillo- 
grams obtained with the Duralumin alloy. 
Three curves have been taken with that 
alloy in 1, 10-1 and 10-2 N_ phosphoric 
acid (curves C, D and E, Figure 16). 
These were obtained successively at 9.7, 
9.5 and 13 ma/cm? with a 1 yF con- 
denser in each case. The capacities of the 
corresponding double layers amount to 
72, 17 and 10 uwF/cm?, indicating that 
pronounced passivity is achieved only in 
the more dilute solutions. Curve C re- 
sembles the pure metal curve in the 107! 
N solution and has to be similarly inter- 
preted. Alternatively, curves D and E 
are both characterized by a sudden po- 
tential jump associated with the charging 
of the double layer and the pronounced 
oxygen evolution potentials. The elec- 
trode surface is supposedly made passive 
by an inhibitive oxide layer in whose 
pores aluminum phosphate is_precipi- 
tated. 


Summary 
Studies of the static electrode poten- 
tials of several aluminum base alloys re- 


Figure 14—M 22 alloy at pH 12. 


veal that the alloys exhibit the same 
general behavior as the spectroscopically 
pure metal in buffer solutions initially 
free from metal ions within the pH range 
1 to 8. Along the acid range (pH 1 to 4) 
the oxide and the metal are dissolved 
supposedly making the electrode surface 
active. Alternatively, the electrodes ac- 
quire passive potentials from pH 4 to 8, 
the range of stability of aluminum hy- 
droxide, because of the. persistence of 
oxygen doublets on the protective oxide 
layer. Unlike the pure metal and the R 
alloy which yield appreciably active po- 
tentials at pH 8 to 12, the Duralumin 
and the silicon containing alloys yield 
N-shaped E,,-pH curves, manifesting 
considerable drops toward more positive 
potentials at pH 10 to 11. These passive 
potentials are attributed to precipitation 
of magnesium and/or ferrous hydroxides. 

Anodic polarization experiments con- 
ducted in buffer solutions show that the 
Duralumin, M 22 and S 2 alloys are 
readily passivated throughout the pH 
range 3 to 11. However, the S 2 alloy 
(12 percent Si) is not readily passivated 
in acid media unless appropriate quanti- 
ties of electricity have been used, due to 
the corrosive action brought about by 
local action. That the electrodes are, 
unlike the pure metal, passivated along 
the alkaline range is also attributed to 
the precipitation of magnesium and/or 
ferrous hydroxides through the pores of 
the surface oxide. 

The oscillograms obtained with the 
pure metal and with the three alloys in 
1-10-2 N phosphoric acid solutions indi- 
cate that pronounced passivity is achieved 
only in the more dilute solutions through 
an inhibitive oxide layer in whose pores 
aluminum phosphate is precipitated. 


AN ELECTROCHEMICAL STUDY OF ALUMINUM AND ALUMINUM ALLOYS 


Figure 15—Aluminum in 10-1 and 10-2 N phosphoric 
acid. 


Figure 16—Duralumin alloy in 1, 0.1 and 0.01 N 
phosphoric acid. 
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Topic of the Month 


Uses for Varistors With 
Direct Current Corrosion Meters 


N CERTAIN stray current areas it is 

difficult to obtain desired potential 
measurements between a relatively stable 
underground structure and the negative 
bus of a railway substation. In most 
cases potentials are wanted when the 
stable structure is positive to the bus. 
However, in many cases these potentials 
are interrupted by reversed potentials of 
relatively great magnitude. This results 
in the necessity of a meter scale much 
higher than would be necessary for the 
positive potentials alone, unless the op- 
erator is willing to risk damage to the 
meter movement from the rapid reversals. 
Dangers are particularly great when it 
is desired to obtain a recorded reading 
over a 24 hour period. 


* Engineer, New York Telephone Co., Scarsdale, 
New York, 
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Figure 1—Arrangement of two varistors with a con- 
ventional direct current meter. 


Figure 2—Voltage chart, 50 volts—full scale. Varistors were not used. 


By W. SEARLE WOODWARD* 


To overcome this difficulty, an ar- 
rangement of two varistors with a con- 
ventional direct current meter was used. 
One varistor was placed in series with 
the meter to block the negative poten- 
tials. The other was placed in the reverse 
direction across the meter to by-pass any 
leakage current of the first varistor. This 
arrangement is indicated schematically in 
Figure 1. 

Figures 2 and 3 are voltage charts 
made simultaneously at the same loca- 
tion. As indicated, Figure 2 is without 
varistors on a 50 volt scale. Considering 
a possible zero error, very little reliable 
information about the positive swings can 
be obtained from this chart. Figure 3 is 
the same positive potential on a 7.5 volt 
scale with varistors to cut off the nega- 
tive swings and thus give a clear reading 
of the positive potential desired. 

Figure 4 indicates the same meter with 
four varistors arranged in a typical bridge 
pattern. This arrangement converts the 
meter to an AC meter which appears to 
be reliable at low frequencies and on the 
5 volt or higher scale. Due to the low 
voltage characteristics of the varistors it 
is not reliable on the lower scales. How- 
ever, the author has available a decade 


Abstract 


A description is given of a system used to 
make potential measurements in stray cur- 
rent areas between an underground struc- 
ture and the negative bus of a railway 
substation. The system involved the use of 
two varistors with a conventional DC meter. 
One varistor was placed in series with the 
meter to block the negative potentials. The 
other was placed in the reverse direction 
across the meter to by-pass any leakage 
current of the first varistor. The use of 
four varistors with a meter is also described. 


amplifier with amplification constants of 
10, 100 and 1000 which he has used 
ahead of the varistors. This enables full 
scale readings down to 5.0 millivolts to 
be obtained. 

The varistors are point contact ger- 
manium crystals with a safe reverse peak 
voltage of 140 and a maximum forward 
current of 30 milliamperes. 


D.C.METER 


Figure 4—Meter with four varistors arranged in a 
typical bridge pattern, 
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Figure 3—Voltage chart, 7.5 volts—full scale. Varistors were used here to cut 


off negative swings. 
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NATIONAL 


Chloride Stress Corrosion Cracking 


Of the Austenitic Stainless Steels 


A Contribution to the Work of NACE 
Task Group T-8A on Chemical Cleaning,“ 


Introduction 


HE INCREASE in production of 

stainless steel ingots has paralleled 
\merica’s industrial growth during the 
ast 25 years. This increased production 
was the result of industry’s demand for 
steel with which to enlarge their produc- 
tion facilities, and from new applications 
for the stainless steel alloys. The growth 
of stainless steel production is shown in 
Figure 1. 

In 1934, the annual production of 
austenitic stainless steel was only 20,000 
tons. This is approximately equivalent 
to today’s annual production of titanium. 
Chus, most information about the metal- 
lurgy and physical properties of the 
stainless steels has been acquired during 
the last 25 years. 

The physical properties of stainless 
steels are generally well known today. 
Conditions and limits of use for fabri- 
cating equipment have become fairly 
definitely established. However, notwith- 
standing the vast literature published on 
the subject, many cases can be cited of 
the improper application of these valu- 
able steels. In many cases design is at 
fault; in other cases the basic principles 
of metallurgy are disregarded with re- 
spect to fabrication techniques, partic- 
ularly welding. Maintenance techniques 
must be thoroughly understood if equip- 
ment is to meet design operating condi- 
tions. This study was undertaken to 
clarify the situation regarding the use of 
chemical solvents to remove scale de- 
posits from equipment containing the 
austenitic stainless steel alloys. 

Hydrochloric acid is one of the most 
commonly used cleaning solvents for in- 
dustrial maintenance purposes. Other 
mineral acids are also employed but for 
many reasons, which will not be detailed 
here, hydrochloric acid offers certain ad- 
vantages. In view of the fact that it has 
long been known that chlorides produce 


“© F, B. Hamel, Standard Oil Company (Ohio), 
Cleveland, Ohio, chairman. 

® Dowell Division of The Dow Chemical Com- 

pany, Tulsa, Oklahoma. 


By J. P. Engle,’ G. L. Floyd and R. B. Rosene“”’ 


stress corrosion cracking of the austenitic 
steels, the use of hydrochloric acid re- 
quired investigation. Since the replace- 
ment of such damaged stainless steel in 
fabricated equipment may result in se- 
vere losses due to equipment cost and 
interrupted production, the importance 
of the problem becomes apparent. 


Experimental Procedure 

Specimen material was cut from 
inch sheet of AISI Types 304 and 347, 
longitudinally to the direction of rolling. 
The specimens were formed into arc- 
shaped horseshoe specimens and annealed 
in an inert atmosphere to prevent sur- 
face oxidation. The specimens were then 
stressed to 75 percent of the yield strength 
value by tightening a stainless steel bolt 
passing through the ends of the speci- 
men. A typical completed specimen as- 
sembly is shown in Figure 2. 

During equipment fabrication a cer- 
tain amount of deformation or cold work 
may be introduced which results in in- 
creased strength accompanied by a de- 
crease in ductility. If sufficient deforma- 
tion is produced, internal stresses may 
produce cracking; tests with cold rolled 
material were designed to simulate this 
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Figure 1—Graph showing production of alloy steels since 1934. Courtesy American Society for Metals. 
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Abstract 


The austenitic (AISI 300 series) stainless 
steels are highly susceptible to chloride 
stress corrosion cracking. This work was 
undertaken to define conditions under 
which hydrochloric acid can be used safely 
for chemically cleaning equipment contain- 
ing these steels. 

The active-passive characteristics of the 
alloys play an important role which prob- 
ably has not been underst previously. 
A number of factors, — together, must 
be present to produce cracking. Indications 
are that cracking occurs in neutral chloride 
solutions, when passivity is destroyed at 
localized areas of film break-down. If the 
entire surface is activated, as in the pres- 
ence of hydrochloric acid, no cracking will 
result, 

The data were obtained by tests on 
horse-shoe type specimens, statically stressed 
to 75 percent of yield strength. Specimens 
in the annealed, cold rolled and sensitized 
conditions were used to simulate _condi- 
tions likely to be encountered in alloys in 
the ‘‘as fabricated’? condition. Exposures 
were made in 5 percent hydrochloric acid 
solutions to simulate cleaning conditions. 
Other tests were made in dilute neutral 
chloride solutions at to simulate 
operation after cleaning. 

The problem of design is considered, as 
is proper selection of alloy types, especially 
if welding is to be performed during fabri- 
cation. 3.2.2 


fabricational condition. Specimens were 
prepared in the cold rolled condition by 
20 percent reduction of the thickness of 
the 1% inch sheet before cutting the in- 
dividual specimens. After forming, the 
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Figure 2—Typical completed horseshoe type speci- 
men (not exposed). 





TABLE 1—Effect of Time On _ Corrosion 
Rates of Stainless Steel Specimens Exposed 
to 5 Percent HCI At 150 F 


Corrosion Rate 
(Lbs./Sq. Ft./Day) 
| AISI 304 | AISI 347 


Duration of Test 


POOR 65050 a 0.0061 0.0083 
MINN UES ic Sota aa ale 0.0063 0.0083 
60 Hours. . wana 0.0068 0.0094 

ABD Sours .........4. 0.0069 0.0099 


cold rolled horseshoe type specimens were 
statically stressed to 75 percent of the 
yield value as described above. 

Similar specimens of the AISI 304 
alloy were also sensitized by heating the 
metal (before specimen preparation) to 
1100 F and holding the metal at that 
temperature for four hours. This simu- 
lates conditions in service, where a weld- 
ing operation may be required on equip- 
ment fabricated with a_non-stabilized 
type of austenitic alloy. 

The statically stressed horseshoe speci- 
mens were exposed for six hours each 
day in 7.5 percent by weight inhibited 
hydrochloric acid solutions at 150 PF, 
until an exposure time of 120 hours was 
completed. Fresh acid was used each day 
in the static tests. The solution contained 
an organic inhibitor. These test condi- 
tions simulated a number of repeated 
cleanings of austenitic alloys in the an- 
nealed, cold rolled and sensitized condi- 
tion. Upon completion of exposure, the 
specimens were subjected to a 180 degree 
bend test, in accordance with ASTM 
Specification A240-49, and metallographic 
examination. 

Following a chemical cleaning opera- 
tion, it is possible that the chemical 
solvent may not be completely removed 
by the flush-out operations. During the 
neutralizing operation small amounts of 
sodium chloride may form and remain in 
the unit. To determine the effect of such 
residual chlorides, static tests were made 
with stressed specimens in distilled water 
at 400 F containing 50, 100 or 500 ppm 
sodium chloride. Test details were such 
that one specimen in each vessel was 
immersed in the test solution, while a 
counterpart specimen was suspended in 
the vapor. The suspended specimen was 
wetted intermittently by inversion of the 
vessel once each hour. A schematic dia- 
gram of the test equipment is shown in 


Figure 3. 
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Figure 5—Change in metal potential under simulated 
cleaning conditions. 


Discussion of Results 


The Active State 


In hydrochloric acid solutions, the pas- 
sive film on stainless steel is removed (as 
shown by tests of electrode potentials), 
even when a highly efficient inhibitor is 
present. In Figure 4, the potentials of 
the metal, with and without an inhibitor 
present, are shown to be of the same 
magnitude. When the metal is exposed in 
inhibited acid, corrosion is suppressed by 
the inhibitor, even though the metal is 
in a highly active state. Under these con- 
ditions, the metal attack is uniform and 
a very general solutioning type of action 
takes place. Corrosion rates under these 
conditions are very low as shown in 
Table 1. These data, based on weight 
loss measurements under the defined con- 
ditions, would indicate that hydrochloric 
acid solutions, per se, can be safely used 
to clean chemically the austenitic stain- 
less steels. 


The possibility of the austenitic alloys 
cracking due to chloride stress corrosion 
was investigated by exposing stressed 
horseshoe type specimens in 7.5 percent 
inhibited hydrochloric acid solutions. It 
was found that no cracking was produced 
on any of the specimens during 120 hours 
exposure at 150 F. This was true of all 
specimens whether annealed, cold rolled 
or sensitized. Only a uniform general 
solutioning type of attack was produced, 
such as would be expected on the basis 
of the electrode potential survey and the 
corrosion rate data previously presented. 


The exposed specimens were subjected 
to a 180 degree bend test (ASTM Spec. 
A240-49) and no cracking or loss in 
ductility was observed. Metallographic 
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Figure 4—Potential time curves for stainless steels 
in hydrochloric acid solutions. 








Figure 6—Stressed specimen after exposure in dis- 
tilled water containing 400 ppm sodium chloride at 
00 F for 60 hours. 


examination confirmed that only general 
solutioning occurred. 

It is therefore concluded that these 
alloys, from which the passive film has 
been completely removed and are there- 
fore in an active state, are not subject to 
chloride stress corrosion cracking. This, 
then, is a significant finding. Hydrochloric 
acid solutions, as used for maintenance 
cleaning purposes, will not produce 
cracking if the metal surface is in an 
entirely activated condition. The extent 
of metal loss depends upon the efficiency 
of the inhibitor under these conditions. 


The Passive State 

A cleaning operation employing acid 
solvents normally includes flushing the 
unit thoroughly with water, which may 
be followed by an alkaline rinse. Due to 
oxygen in the flush water, the metal 
potential changes in a direction which 
indicates that passivity is restored, as 
shown in Figure 5. The introduction of 
air between stages serves the same pur- 
pose. 

Traces of chloride ion may remain due 
to entrapment in crevices, or possibly by 
absorption in packing. These traces of 
chloride are converted to sodium chloride 
by the alkaline rinse solution. The metal 
surfaces are now passivated, with the 
possibility of chloride salts being present. 
The unit is often returned to a high- 
pressure, high-temperature operation in 
this condition. 

To simulate the above conditions, a 
series of the stressed horseshoe specimens 
were exposed in distilled water contain- 
ing 50 to 500 ppm sodium chloride at 
400 F. No attempt was made to de- 
aerate the solutions. Under these condi- 
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Figure 7—Transgranular cracking of annealed austenitic steel due to exposure 
at 400 F in dilute chloride solutions. 


TABLE 2——Effect of Varying Exposure Time on Chloride Stress Corrosion Specimens* 


CHLORIDE STRESS CORROSION CRACKING OF THE AUSTENITIC STAINLESS STEELS 


Figure 8—Transgranular cracking of cold rolled austenitic steel due to exposure 
at 400 F in dilute chloride solution. 
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* 50 ppm NaCl; 75 percent yield; 400 F. 


tions, cracking was readily produced in 
less than 500 hours exposure; typical 
data obtained are shown in Table 2. A 
certain induction time period seems nec- 
essary before cracking is initiated at pits 
produced in the metal surface. This time 
factor varied, being very short for the 
sensitized material, and longer for the 
annealed and cold-rolled specimens. An 
exposed specimen is shown in Figure 6. 
Pitting or penetration of the otherwise 
passive film was the first detectable step 
leading to ultimate failure, The initial 
pit did not tend to enlarge appreciably 
in area, but to penetrate deeper. Hard, 
black, magnetic corrosion products 
formed were more voluminous than the 
metal consumed, assuming the appear- 
ance of scabs. These scabs tended to 
grow at right angles to the direction of 
applied stress. Cracking, or actual metal 
failure, occurred long before the scab 
pattern extended the full width of the 
specimen, indicating the effects of local- 
ized stress due to the pitting action. 
Metallurgical examination of the scab 
areas showed cracking originated in these 
steep walled pits. The cracking was al- 
ways transgranular for the annealed and 


cold rolled materials, as shown in Figures 
7 and 8 respectively. The transgranular 
cracking reported for the annealed and 
cold rolled materials is classified as true 
stress-corrosion failure. This should not 
be confused with the intergranular type 
of failure of sensitized metal, as shown 
in Figure 9. In such sensitized metal, 
corrosion failure would be expected to 
be intergranular in nature, however in- 
duced. 

In all cases, the initial pitting action, 
producing failure sites, was confined to 
that side of the specimen in tensional 
stress. The compressional side was com- 
pletely unaffected, as far as visual evi- 
dence was concerned. In most cases, 
specimens immersed in the liquid showed 
less tendency to crack than those exposed 
in the saturated vapor space, but were 
not necessarily immune to cracking. 


A Postulated Mechanism 
Rapid failure of the austenitic alloys 
could be repeatedly induced at 400 F in 
either saturated steam or distilled water 
containing 50 ppm or less chloride. This 
method of producing cracking was found 
more consistent that the accepted proce- 


dure using boiling magnesium chloride 
solutions. On the other hand, cracking 
could not be produced in strong inhibited 
hydrochloric acid solutions at 150 F. 

Many factors are contributory: Hoar 
and Hines! pointed out the relationship 
of temperature. Scheil? and other investi- 
gators have studied the effect of imposed 
stress levels; the necessary time for in- 
duction seems a requirement, although 
in some cases cracking has been produced 
in less than 24 hours. Aeration is cer- 
tainly a major factor, for reasons dis- 
cussed below. It has been amply demon- 
strated that only tensional stresses are 
operative whereas compressive stress is 
inoperative. Franks, Binder and Brown* 
report that only a very few corrodents 
caused stress-corrosion cracking, yet by 
definition, stress corrosion is defined as 
the acceleration of corrosion by the ap- 
plication of stress. Perhaps the whole 
field needs a revision of thinking in terms 
of the active and passive state of these 
alloys. 

This work clearly indicates that crack- 
ing is produced only under conditions 
wherein the metal is activated at local- 
ized areas, whereas the remainder of the 
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Figure 9—Intergranular cracking of sensitized austenitic steel due to exposure 
at 400 F in dilute chloride solution. 


metal surface remains passive. The 
anode-cathode relationship of such a con- 
dition is one where high corrosion cur- 
rents flow from a localized area, result- 
ing in very steep walled pits. These pits 
serve to induce localized stress to which 
must be added the imposed stress. Actual 
failure results from the active-passive 
surface relationships. 

If the corrosive environment induces 
localized breakdown of passivity, pitting, 
cracking and failure will result. On the 
other hand, if the corrosive environment 
produces complete loss of passivity, no 
failure should result, even though the 
ionic species presumed to have caused 
failure is present in both cases. 


Applications to Field Conditions 
It is believed that the data obtained 
from this investigation are sufficient to 
indicate the conditions under which hy- 


drochloric acid can be safely used to 
clean the austenitic steels. 

It has been shown herein that chloride 
stress corrosion cracking was not pro- 
duced under conditions simulating chem- 
ical cleaning with hydrochloric acid 
solutions. It has also been shown that 
cracking may occur during start-up or 
operation of a unit following cleaning 
with hydrochloric acid solutions, if the 
spent acid has not been thoroughly 
flushed from the equipment. Factors 
which determine whether or not hydro- 
chloric acid is safe to use appear to be 
the fabricational details of each specific 
unit. If construction is such that the 
flushing operation will reduce the chlor- 
ide ion to the level of that in the influent 
flush water, then there appears to be no 
reason why hydrochloric acid solutions 
cannot be safely used. On the other hand, 
if the design is such that the chloride 
ion cannot be removed by flushing, clean- 
ing with hydrochloric acid is inadvisable. 

Such situations can be avoided on new 
installations by care during designing, to 
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eliminate factors which might preclude 
complete flushing. Air pockets in ex- 
changers can be eliminated by design; 
crevices between tube sheet can be elimi- 
nated by seal welding. Tube-side cooling 
in exchangers instead of cooling on the 
shell-side is advocated for a number of 
reasons and has reportedly eliminated 
cracking in many cases. Use of non- 
absorbent packing and gasket material is 
desirable. 

Insulating materials may contribute to 
premature failure due to leaching of 
chlorides onto metal surfaces, as reported 
by Dana and Delong.*:® A practical ex- 
ample shown in Figure 10 represents 
failure of a water condensate tank from 
the exterior, due to chlorides in the in- 
sulation. Rain water leached chlorides to 
the metal surface where sufficient con- 
centration accumulated to produce crack- 
ing at what must have been very low 
stress levels. The temperature of the tank 
wall in this case was 140 F. 


Where cleaning is to be performed on 
existing equipment which cannot be ade- 
quately flushed, the use of solvents other 
than hydrochloric acid is indicated. 
Chloride-free solvents are available for 
cleaning stainless steels, however they 
possess no advantage unless the entire 
solvent system, including flush water, is 
chloride-free. Although most commercial 
inhibitors contain significant amounts of 
chloride, it is possible to obtain chloride- 
free inhibitors. If such chloride-free sol- 
vents are used, it is extremely important 
that they be capable of removing all of 
the deposits present, otherwise localized 
cell action may take place beneath re- 
sidual patches of scale. 


Summary 


In conclusion, the maintenance of 
Stainless steel equipment in operating 
condition requires vigilance on the part 
of the operator, to assure the full service 
life inherent in these alloys. Chemical 
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Figure 10—Stress corrosion cracking due to chlorides leached from insulation 


on condensate storage tank. 


cleaning of these alloys requires a 
knowledge of their behavior and char- 
acteristics. Stress corrosion cracking fol- 
lowing cleaning can be avoided by proper 
analysis of the equipment design. To this 
must be added the knowledge of avail- 
able chemicals for cleaning, and their 
performance characteristics on various 
types of deposits likely to be encountered. 

The data presented in this paper indi- 
cate that one of the determining factors 
in chloride stress corrosion cracking is 
the degree of passivity of the metal sur- 
face. Localized discontinuities in the 
normally passive film on austenitic stain- 
less steels, resulting from chloride pene- 
tration of the metal surface, are intensi- 
fied by tensional stress in the metal. 
These breaks in the passive film are 
highly anodic and electrochemical cells 
are set up which result in progressive 
localized attack. Even extremely low con- 
centrations of chloride ion, in aerated 
solutions, can produce this cracking. 

In the presence of hydrochloric acid 
solutions, the passive film is entirely re- 
moved from the metal, and no electro- 
chemical cells exist to produce intensified 
pitting. As a result, only general solu- 
tioning takes place, the extent of which, 
in the presence of an efficient inhibitor, 
is negligible. Chloride stress corrosion 
cracking of austenitic stainless steels is 
not produced by exposure to inhibited 
hydrochloric acids. 
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Well Completion and Corrosion Control 


Of High Pressure Gas Wells* 


A Status Report of NACE Task Group T-1B-1* 
On High Pressure Well Completion 


Introduction 


HE EXPLORATION for oil and 

gas during the last fifteen years has 
followed a trend of deeper drilling into 
the earth’s surface. By the deeper drill- 
ing, production has been established in 
reservoirs with increasingly higher pres- 
sures and temperatures. This was of no 
particular concern to the oil producer 
or operator until these higher pressures 
and greater depths indicated an inade- 
quate safety factor for commonly avail- 
able tubular goods. 

It soon became apparent that the op- 
erator must make a choice between 
heavier, thick walled, tubular goods of 
the same grade and yield strength that 
had been in use a number of years, or a 
steel with a higher yield strength for use 
in nominal wall thickness and weight 
per foot of pipe. High alloy steel, with 
greater yield strengths, had been used 
for corrosion resistance, and some field 
experience was accumulated from _ its 
earlier use. Little field experience had 
been obtained with other higher yield 
strength steel. 

Corrosion was recognized as a factor 
in the high pressure wells because of the 
experience with lower pressure corrosive 
oil and gas wells. Carbon dioxide partial 
pressure would likely be higher in higher 
pressure wells, and corrosion was ex- 
pected in many cases from this causative 
agent alone. It is also of interest to note 
that a carbon dioxide partial pressure 
increase causes a corresponding decrease 
in pH, thus contributing to a more cor- 
rosive effluent. Inhibitor efficiency ap- 
pears to be decreased at lower pH values. 
It was realized that great sums of money 
could be expended from a failure of the 
tubing and/or casing of a high pressure 
well regardless of the cause of such a 
failure. The operator recognized that 
good serviceable materials must be used, 
these tubular goods must be free of de- 
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And Corrosion Mitigation Procedure 


fect, and structural members of the wells 
must not be weakened or destroyed by 
the environment. 

Control of subsurface corrosion of oil 
and gas wells had been accomplished to 
a large extent by the use of coatings and 
inhibitors in the lower pressure wells. 
There was some doubt as to whether or 
not these previously reliable means of 
alleviating corrosion would suffice at the 
more extreme conditions of high pres- 
sure and temperature. 


History 

In early 1957, NACE T-1B-1 Task 
Group was organized for the purpose of 
studying the completion practices and 
corrosion contro: means and measures of 
the higher pressure gas wells. This group 
has considered only wells that have had 
tubing pressures in excess of 5,000 psi. 

A survey of 12 companies revealed 
that 1957 was a most appropriate year 
to formulate this study group. Of one 
hundred and sixty-six wells designated 
by the survey, sixty-four of these wells 
were completed in 1957. The earliest 
completion reported was in 1946, and 
there has been a steady trend toward 
high pressure completions since that 
time. The data collected indicated only 
four such completions at the end of 1950. 
One of these four wells was the Tide- 
water State 1299 No. 1 in the Manilla 
Village Field, Jefferson Parish, Louisi- 
ana. This well was completed in March 
1949 with a measured flowing tubing 
pressure of 8,050 psi and an estimated 
bottom hole pressure of 12,635 psi, 
which is believed to be the highest bot- 
tom hole pressure encountered up to that 
date. 

Data collected by the aforementioned 
survey indicate that the high pressure 
wells have depths from 8,162 ft to 17,520 
ft, that shut-in tubing pressures exist to 
10,088 psi, and that the bottom hole 
temperatures range from 139 F to 350 F. 
Carbon dioxide content varies between 
0 and 3.6 mol percent while hydrogen 
sulfide content has been generally en- 
countered in trace quantities only. High 
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Abstract 


A study was made of completion prac- 
tices and corrosion control measures for 
as wells with tubing pressures in excess of 

psi. A survey of 12 producing compa- 
nies was made to determine what had been 
done to combat the problem. This paper 
reflects the results of this survey and in- 
cludes data collected from 166 wells. Topics 
discussed include design problems in well 
installation, treatment with corrosion inhib- 
itors, corrosion inhibitor efficacy evalu- 
ation, well characteristics, casing and 
tubing programs, and inspection meth- 
ods. Data are given by company on_ the 
number of P-grade casing and tubing 
failures in service in well, failures oc- 
curring during hydrostatic tests, percent 
rejects of inspected pipe, and cost of 
failures of casing and tubing. 8.4.2 


pressure production is usually gas as in- 
dicated by 154 of the 166 completions 
being gas wells. 


General 


The following are general conclusions 
that should be observed and have been 
presented before the committee either in 
written or verbal discussion: 


Design Problems 


I. It is good insurance to assume that 
corrosive conditions will exist in high 
pressure wells. 


A. There is not very much information 
available to indicate that there will be 
little or no corrosion; therefore, it is 
prudent to assume that corrosion will 
occur and make provisions to alleviate it. 


B. Proper design of the well installa- 
tion will include means to treat the tub- 
ing for corrosion mitigation successfully 
and with relative ease. 

1. Concentric tubing installations have 
been used successfully by some operators 
to date. Figure 1 depicts a typical con- 
centric completion. The principal limi- 
tations or objections to concentric string 
installations are that bottom hole pres- 
sure equipment is not designed to be 
used in the small bore tubing, the veloc- 
ity effects of the reduced internal diame- 
ter might lead to serious consequences, 
the annular clearance is small between 
the two strings, and the cost of the com- 
pletion is increased. Figures 2 and 3 de- 
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Figure 1—Concentric string completion. 


pict a conventional completion and a 
dual parallel string completion, respec- 
tively. 

2. Well head fittings should be pro- 
vided to afford a point of injecting the 
corrosion inhibitor. 

3. It is always prudent to install well 
head water traps to provide a means of 
sampling the produced water for iron 
content. 

The choice of plastic coating for 
the interior of the tubing wells is limited 
by the excessively high bottom hole tem- 
peratures encountered and the _ highly 
alkaline drilling fluids which may be 
used in the completion or workover 
operations. 

1. Certain types of plastic coatings 
which have performed admirably at 
lower bottom hole temperatures and in 
the presence of slightly alkaline muds 
fail rapidly as temperatures and alkalini- 
ties increase. 

2. Some operators conclude that spe- 
cial alloy tubing, in spite of high initial 
cost, will perform best and pay out bet- 
ter than coatings over the life expectancy 
of the well. Others install internally plas- 
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Figure 2—Conventional completion. 


tic coated alloy tubing for superior re- 
sistance to corrosion should the coating 
be damaged by well fluids or wire line 
operations. 


D. Initial costs of installations can be 
justified by considering the risked costs 
of material failures during the operating 
life of the high pressure well. Data ob- 
tained from the API Southern District 
Study Committee on High Pressure 
Tubular Goods,? indicates material fail- 
ures do occur, as shown in Table 1. The 
cost of such failures is shown in Table 2. 


II. The use of high strength materials 
requires special handling techniques from 
the mill up to and including the final 
installation in the well. 


A. As the strength of the known tub- 
ing materials increases, brittleness and 
the notch sensitivity of the materials in- 
creases. 

B. Excess torque in makeup will de- 
stroy the functional purpose of specially 
designed joints. 

C. A more exacting routine of inspect- 
ing tubular goods throughout the manu- 
facturing and processing operations is re- 
quired for the special high strength 
materials. 
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Figure 3—Dual parallel string completion. 


1. More precise limits are usually pre- 
scribed by purchasers of high strength 
goods than for the lower strength materi- 
als (maximum strength as well as mini- 
mum strength, hardness limits with closer 
tolerances, chemical composition within 
closer tolerances, and more frequent sam- 
pling of the lengths produced for sale, 
etc. ) 

2. Ultrasonic reflectoscope and mag- 
netic particle testing of the tubing before 
and after upsetting are becoming current 
practice for a number of operators, as 
well as on-the-rack internal calipering. 


3. Nearly all high presure installations 
have been hydrostatically pressure tested 
during the running of the tubular goods 
into the well. 


4. Rack pressure tests are recom- 


mended only as a means to establish the 
competence of the tube wall. 


Treatment with Corrosion Inhibitors 
I. Many operators propose treating high 
pressure wells completed with internally 
plastic coated tubing: 

A. Immediately following completion. 

B. Following several trips with wire 
line tools. 

C. When iron contents of produced 
water exceeds a predetermined value. 

D. When physical evidence indicates 
failure or partial removal of the coating. 


II. Many operators propose treating high 
pressure wells completed with special 
alloy tubing: 


TABLE 1—API High Pressure Tubular Goods Information On P-Grade Casing and Tubing 
(Gporating Company Reports of Material Failures In Service and Rejects By Inspection) 





P-Grade Tubing & Casing Data 


Failures in Service in Well 


Failures Occurring During | 
REVMPOUUNLIS DETEB 5 5.00 55ss coe sases 


Tons of P- Grade Purchased. . 


Tons of P- Grade Inspected . 


Tons of PC Grade ‘Rejected. 


Percent Rejects of Inspected Pipe. 


COM PANY DE SIGNATION 


ee 


| 14,150 


195 | 3,625 


* Two Ridleoes may have occurred aia hydrostatic testing: ae ©), 


t NR indicates ‘No Record" or ‘No Report”. 
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Totals 


4,099 | 1,244 | 35,579 


eA ea 


1 O15 | 1,244 © 14,577 
2. 1 3. 9. 130.82 


4.93 | 0.13 | 0.66 | 0.65 | 0.897 
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A. Immediately following completion. 


B. After salt water production exceeds 
, predetermined amount or percentage. 


C. After evidence of corrosion. 
1. Iron content of produced water. 
2. Tubing caliper surveys. 


‘II. Treatment methods depend upon 
vell completion methods and production 
-haracteristics. 


A. Concentric tubing installations are 
isually readily treated with pumped-in 
iquid inhibitors. 

B. Dump bailer is not used on wells 
iaving shut-in tubing pressures in excess 
if 5,000 psi. 

C. Inhibitor squeeze techniques seem 
o hold promise according to some oper- 
itors. 


D. Shut-in time during and following 
jection of chemical is often limited by 
ras sales commitments. 


Corrosion Inhibitor Efficacy Evaluation 


[. Iron content analyses seem to be the 
most widely reported method of measur- 
ing the efficacy of corrosion inhibitor 
treatment. 


A. The reliability of iron content anal- 
yses is often subject to question, but it 
is often the only approved inexpensive 
method available. 


B. The conversion of iron content 
analysis data from Fe*+ ppm to pounds 
of iron removed per day is thought to 
prove more beneficial throughout the 
productive history of the well. 


II. Tubing caliper surveys offer the best 
known recording of the extent and in- 
crease in corrosion from time to time. 


A. Most operators use the tubing cali- 
per in uncoated tubing strings to detect 
corrosion. 


B. Many operators are reluctant to run 
the tubing caliper in internally plastic 
coated tubing except in extreme cases, 
while other operators have exhibited a 
lesser degree of reluctance to use the 
caliper in coated tubing. 


III. Coupons may be used, but less reli- 
ance upon their use is evident. 


A. The coupons indicate the corrosiv- 
ity of the produced fluids at the condi- 
tions and locations of their installations 
and respond differently from most of the 
high strength and special alloy tubing. 


B. Frequently it is not feasible to in- 
stall coupons in the tubing string within 
what is thought to be the usually more 
corrosive zone. 

C. Surface coupons frequently are 
coated with paraffin or with a very strong 
concentration of pumped-in inhibitor so 
that they cannot reflect the degree of 
corrosion farther down the tubing string. 


IV. Inspection of the tubular goods upon 
removal from the well. 


A. The small string of tubing in a con- 
centric completion may be more readily 
pulled for inspection because of the ease 
of killing the well should such an inspec- 
tion be deemed necessary. 
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B. Occasionally workovers and recom- 
pletions provide the corrosion engineer 
with an opportunity to inspect the con- 
dition of the tubing and/or internal plas- 
tic coating, but the irregularity of these 
operations do not allow them to be a 
principal method for evaluating corro- 
sivity of the well fluids or the status of 
the tubular goods installed. 


Summary of Installations by Various 
Operators Answering T-1B 
Questionnnaires 


Well Characteristics 


1. Producing depth varied from 8,162 
feet to 15,235 feet for oil wells, and from 
8,750 feet to 17,520 feet for the gas wells 
reported. 

2. Surface shut-in pressures varied from 
4,240. to 10,088 psi. 

3. Bottom hole temperature 
from 139 F to 350 F. 

4. Bottom hole pressures varied from 
5,584 to 12,540 psi. 

5. Carbon dioxide percentages varied 
from 0 to 3.6 percent. Hydrogen sulfide 
ranged from 0 to a trace. 


6. Water production varied from 0 to 
183 bbls/MMCF. Total solids varied 
from 0 to 111,000 ppm, and iron con- 
tents ran from 2 to 480 ppm. 

7. Production rates of gas wells varied 
from 0.33 to 23.7 MMCF/day. Oil pro- 
duction varied from 159 to 201 bbls/day. 
Two wells were listed as being plugged 
and abandoned, 24 as being shut-in. 


varied 


Casing Program 

In setting production casing, N-80 was 
used in 114 wells, P-110 (various brands) 
in 57 wells, J-55 in three wells, and S-95 
in 26 wells. 

Types of casing joints used were but- 
tress in 21 wells, 8-round EUE in 57 
wells, L. T. & C. in 50 wells, extreme 
line in 30 wells, Hydril flush joint in 36 
wells, triple-seal in 8 wells, Speedtite in 
9 wells, S. T. & C. in four wells, integral 
joint in two wells, RB-4 in one well, and 
RB-6 in one well. 


Tubing Program 

Tubing used was N-80 in 83 wells, 
P-105 in 52 wells, 4340 steel in 12 wells, 
4145 steel in 13 wells, J-55 in one well, 
9 percent Ni in 15 wells, 5 percent Ni 
in two wells, 9 percent Cr-1 percent Mo 
in three wells, and 9 percent Cr-¥ per- 
cent Mo in one well. 

Tubing joints used were Hydril ‘CS’ 
in 66 wells, Hydril PH-6 in 13 wells, 
Hydril flush joint in two wells, extreme 
line in 42 wells, 8-round EUE in 43 
wells, special 8-round in one well, L. T. 
& C. in one well, integral joint in seven 
wells, Spang Seal in five wells, Grayloc 
in six wells, R-B in one well, and Hardy 
Griffin GT in one well. 

Concentric tubing strings were used in 
66 wells. N-80 was used in 55 of these 
wells, P-105 in one well, and J-55 in 12 
wells. Tubing joints used were Hydril 
‘CS’ in 60 wells, 8-round EUE in four 
wells, and L.T.&C. in two wells. 

Seventy-one wells reported the use of 
production string plastic coating; TK-2 


TABLE 2—APi High Pressure Tubular Goods 
Information On P-Grade Casing and Tubing 


(Cost of Failures of P-Grade Casing 
and Tubing) 


COMPANY 
DESIGNATION 


TOMASI S 
é 
5 


Total $2,388,155 








was used in 21 wells, TK-31 in one well, 
TLC-4 in two wells, Plasticap ‘A’ in 
three wells, Plasticap ‘B’ in four wells, 
Plasticap ‘AB’ in nine wells, some type 
of baked-on phenolic in 13 wells, some 
type of epoxy in three wells, a combina- 
tion string of Plasticap ‘B’ and TK-31 in 
one well, and unspecified coatings in 14 
wells, 


Inspection 

Non-destructive test methods used in- 
cluded a combination of optical-magnetic 
particles in 14 wells, optical-magnetic 
particle-transverse end area in 15 wells, 
optical-magnetic particle- hardness - press- 
sure test in two wells, optical-magnetic 
particle-hardness-pressure _ test-transverse 
end area in 14 wells, hydrostatic-mag- 
netic particle-ultrasonic end area in 18 
wells, and magnetic particle only in one 
well. Magnaflux was used in 25 wells, 
ultrasonic in two wells, pressure tests in 
38 wells, calipers in 12 wells, hydraulic 
test in 11 wells, and Loomis in 10 wells. 
Thirty-six well operators said they did 
not use any test methods. 


Conclusion 


It is significant that this summary 
shows 166 wells reported, which may 
possibly be half of the high pressure 
wells now completed. Due to the higher 
completion costs for high pressure wells, 
this may represent an investment ap- 
proaching $100,000,000. An investment 
of $100,000,000 may warrant some pro- 
posed research by the committee as to 
the effect of high temperature and pres- 
sures on coatings, alloys, and chemical 
inhibitor efficiencies. 

The committee cannot report on the 
pro’s and con’s or the reasoning behind 
each system or type equipment, and it 
is assumed that the data presented will 
be helpful in making intelligent conclu- 
sions on their use. The fact-finding func- 
tion of the committee will be continued. 
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Behavior of AZ 63 Alloy and Magnesium—1 Percent 
Manganese Alloy Anodes in Sodium Chloride Electrolyte” 


Introduction 


1 A RECENT paper Greenblatt’ 
found that when pure magnesium dis- 
solved anodically, one-half the weight 
loss occurred as soluble magnesium, the 
other half as insoluble magnesium. 
Further work was undertaken to deter- 
mine if a similar situation occurred on 
magnesium alloys commonly used in ca- 
thodic protection. 

Figure 1 shows electrolysis data for 
AZ63 alloy. The data indicate that the 
same product ratios are obtained as in 
the previous work except that the 
amounts of hydrogen obtained are lower 
than would be expected from the kinetic 
mechanism previously proposed. From 
the latter, 


Mg > Mgt + e 
2Mgt + H,O > MgO + Mgt + H, 


which would leave one to expect the 
amount of hydrogen obtained to be 
equal to the number of moles of soluble 
or insoluble magnesium. 

In the previous work on pure mag- 
nesium the hydrogen evolved was some- 
what less than predicted, but not so 
much less as shown in Figure 1. In so 
far as the one to one ratio of soluble to 
insoluble magnesium is still obtained, the 
discrepancy could be due to other re- 
actions, such as 

2Mg* + 


Y%Z0O, > MgO + Mgt 


Alloying Elements 


The amounts of alloying elements also 
were determined by the method de- 
scribed by Gage. The values obtained 
are shown in Figure 2. In the majority 
of cases all, or mostly all, of the zinc 
was found in the corrosion product. For 
aluminum most of the aluminum ap- 
peared in the corrosion product. In all 
cases, however some aluminum ap- 
peared in the electrolyte as_ soluble 


« Submitted for publication April 14, 1958. 
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Figure 1—Electrolysis data for AZ63 magnesium alloy. 
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product, amounting in some cases to as 
much as one-third the total aluminum 
found. 

The percentages of alloying constitu- 
ents found varied widely from the nomi- 
nal AZ63 alloy composition of 6  per- 
cent Al and 3 percent Zn. For zinc the 
limits were from 1.5 to 4.4 percent 
while for aluminum they ranged from 
6-13 percent. The anodes used in all 
cases were cut at random from stock 
sand cast AZ63 magnesium anodes. 

In a recent paper Gage? has shown 
that segregation occurs in AZ63_ alloy, 
the variation in zinc being of the order 
found above. However, the aluminum 
content found above shows much greater 
variation than that reported by Gage. 
This may be due to electrochemical 
effects. 


~ ALUMINUM 
1~ ZING 


capella 


1000 1400 isoo 220 
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Figure 2—Amounts of zinc and aluminum detected. 
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Abstract 


The anodic behavor of AZ63 and mag- 
nesium-1 percent manganese alloy anodes 
was investigated in a manner similar to 
that in a previous study with pure mag- 
nesium. It was found that the solution 
mechanism for the dissolution of mag- 
nesium alloys is substantially the same as 
for pure magnesium. 3.8.3 


The data for magnesium-1 percent 
manganese alloy are shown in Figure 3. 
The product ratios are in approximate 
agreement with those predicted by the 
kinetic mechanism. At the higher tem- 
perature, additional weight loss occurs 
and this shows up as insoluble mag- 
nesium. Extra hydrogen is also obtained 
over that predicted by the kinetic mech- 
anism in these cases. This is similar to 
the case of pure magnesium at higher 
temperature and in the original dis- 
cussion of the mechanism of dissolution 
of pure magnesium anodes it was as- 
signed to a self-corrosion reaction oc- 
curring in a manner similar to that 
proposed by Lepin, Tetere and 
Schmidt.4 


Mg + H,O > MgO + H, 


As a general conclusion, it may be 
stated that AZ63 and magnesium-1 per- 
cent manganese alloy anodes behave 
similarly to pure magnesium anodes and 
the mechanism as proposed for solution 
of pure magnesium anodes can be ap- 
plied to these alloys. 
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Figure 3—Electrolysis data for magnesium-1 percent 
manganese alloy. 
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Corrosivity 


of Soil’ 


By N. D. TOMASHOV* 
and Y. N. MIKHAILOVSKY* 


Introduction 


APID DEVELOPMENT of pipe 

lines, underground railways, com- 
munication lines, and other underground 
structures has greatly increased the 
amount of metal exposed to underground 
conditions. Further development of indus- 
try, transport and communications sug- 
gests that even greater amounts of metal 
will be used in underground construction. 
Protection of metallic structures from soil 
corrosion and lengthening of their life 
with minimum expense have become im- 
portant problems. Experience based on 
construction and application of pipe lines 
in the United States shows that in design- 
ing the pipe-lines, communication cables 
and other long metallic structures, corro- 
sion properties of the soils along the line 
must be known. These data enable the 
designer to choose the most economical 
coating or to design an appropriate ca- 
thodic protection system. From systematic 
studies performed by the National Bureau 
of Standards on the determination of cor- 
rosivity of American soils, a classification 
of soils and the map of their distribution 
has been worked out. This information 
facilitates the designing of new lines. 

Growth of underground gas and oil 
pipe lines in the Soviet Union has made 
it necessary to develop rapid and precise 
methods for evaluation of soil corrosivity. 
Further development of existing methods 
for the study of soil corrosivity also is 
essential. 

In this paper, consideration will be 
given to the application of modern meth- 
ods to the study of the corrosivity of soils, 
as described in foreign and Soviet litera- 
ture, and upon a new method which seems 
to have some advantages. 


Present Evaluation Methods for 
Soil Corrosivity 


All modern methods for the appraisal 
of soil corrosivity can be divided into 
electrical and chemical categories. Most 
widely applied are the following electrical 
methods: 


Measuring Specific Resistivity of Soils. 
According to Scott Ewing! and other 
authors, soils with high electrical con- 
ductivity are, as a rule, corrosive. In this 
connection, several devices and methods 


for the determination of specific resistivity 


of soils have been suggested, for example, 
the Shepard Resistivity Meter.? Irrespec- 


% Submitted for publication on April 16, 1956. 
* Institute of Physical Chemistry of the USSR 
Academy of Sciences, Moscow, USSR. 
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Figure 1—Distribution of current density and potential on model pipe lines, crossing the border line between 

clay and sand of 10 percent humidity. Line 1: Open circuit potential of pipe, Line 2: Distribution of 

potential in the functioning of macro-cells. Line 3: Distribution of current density along pipe in cathode 

(K) and anode (A) zones. MN = model pipe line in soil. Circle with arrow at bottom — points of measur- 

ing of potentials. r — resistors, 3 ohm each between separate portions in pipe. S — switch to potentiom- 
eter for measuring fall of potential on resistors. 


tive of the fact that the study of soil 
conductivity is the easiest and most con- 
venient for field measurements, the results 
obtained do not give adequate character- 
istics of corrosivity. Often there is no 
direct dependence of the corrosion rate of 
test samples on the electrical resistivity 
of the soil. 

The functioning of corrosion cells 
formed on the metal surface is not de- 
termined completely by the electrical re- 
sistivity of the soil. The cells depend to a 
great extent on such important properties 
of the soil as aeration, amount of moisture, 
salt content and homogeneity. Electrical 
resistivity of soils becomes the decisive 
factor in functioning of macro-corrosion 
cells. The probability of their formation, 
as will be shown below, is rather high 
under low resistivity soil conditions. 
Therefore, the electrical method for the 
appraisal of the corrosivity of soil has a 
probability character. Corrosion may be 
observed more often in soils of greater 
conductivity than in soils with low con- 
ductivity, but nothing definite can be 
stated regarding the relative rate of cor- 
rosion in a particular soil. Thus, this 
method cannot meet completely the de- 
mands of practice. 


Electrolytic Method 


Some time ago, the electrolytic method 
was recommended in the literature as the 
Williams-Corfield test. Current from a 
6-volt battery is forced for a given period 
between two iron electrodes lowered into 
the soil saturated with moisture. The 


corrosivity of the soil is determined by 
weight loss of the anode. This method 
is not based on theory and is practically 
reduced to a study of the dependence of 
the rate of solution of the iron anode on 
the soil resistivity. The rate of the cathode 
process is determined not only by the 
oxygen diffusion in the soil, saturated with 


moisture, but also by the velocity of hy- 
drogen evolution, as this reaction be- 


comes possible at such a high external 
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Abstract 


Consideration is given to the merits and 
drawbacks of methods used to determine 
the corrosive activity of soils. Data ob- 
tained by all methods considered failed to 
give comprehensive characteristics of the 
corrosive properties of soils. 

A detailed discussion is given of the 
peculiarities of formation and functioning 
of macro- and micro-corrosion elements in 
corrosion of soils, Corrosion elements of 
differential aeration on the metal surface 
in soil resulted from the following develop- 
ments: non-uniform oxygen diffusion of 
neighboring portions of the soil, local 
Praca 4 of soils, greater oxygen dif- 
fusion on the end of the structure and 
different depth of separate parts of the 
structure, | 

Theoretical foundations of a suggested 
method for the appraisal of the corrosive- 


ness of soils are discussed in detail. A de- 
scription is given of an apparatus designed 
to measure corrosion characteristics of soil 
under field conditions. Good results were 
obtained in field tests made with the instru- 
ment. Data are given to show the correla- 
tion between instrument readings and cor- 
rosion rates in various types of soils. 4.5.3 


emf. Results obtained from this :.ethod 
do not reflect the corrosivity of the soil 
under actual conditions. 


Denison Method 

The Denison method is considered the 
most accurate and widely used.*:> This 
method is a study of polarization curves 
on metal and soil enclosed in a special 
cell. Magnitude of the polarizing current 
at a given difference of potential (anode- 
cathode) and the rate of corrosion of 
metals in the soil under test are com- 
pared. According to data obtained by the 
author, there is a direct dependence be- 
tween the magnitude of the polarizing 
current and corrosion. This method can 


be used only under laboratory conditions. 


Chemical Method 

The method of checking soil corrosivity 
by chemical analysis of water extracts 
is not widely used now. This method is 
time-consuming and inaccurate because 
the rate of corrosion of metals in the soil 
depends on many factors, not on the 
chemical composition of soil alone. 


Each of the four methods takes only 
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Figure 2—Distribution of relative density of the diffusion current te. depending 


on distance from end of cathode in sand of 10 percent humidity. In — density 
of diffusion current in given cathodic zone. Io — density of diffusion current 
in cathode center. K — cathode. a — perforated anode. E.C. = electrode of 
comparison. R — resistors, 2 ohm, for measuring strength of current by fall of 
potential on potentiometer. r — additional resistors for leveling electrical end- 
effect. Curve 1 — at depth of cathode from soil surface, 2.5 cm. Curve 2 = 5 
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Figure 3—Outer appearance of sample and distribution of pits along its surface 

after four-month test in sand of 10 percent humidity in horizontal position. 

An = number of pits on unit of surface of given zone of sample. Aji — number 

of pits on unit of surface in — —_ of sample. | — distance from center 
of sample. 


cm. Curve 3 — 10 cm. 


| 
| 
Current Density Anode Portion of Macro | 

Elements in mA/cm?2 


0.033... 
0.097... 
0.140.. 


one property of the soil as an index of the 
soil’s corrosivity, but the corrosion rate 
of metals in soil is determined by all the 
properties of the soil. The influence of 
each factor is determined by a definite 
law. Consequently, a method is needed 
which considers the integrated influence 
of all factors. Only the electrochemical 
method, if it is adequately performed, can 
meet all these demands. 

One of the greatest drawbacks of all 
the applied methods, with the exception 
of the Denison method, is that they do not 
show the tendency of the soil to form 
macro- and micro-corrosion cells. Pipe- 
line experience shows that soil corrosivity 
should be evaluated not only by the cor- 
rosion rate expressed in weight-loss units 
but first by the rate of penetration into 
the metal. Evidently, local deep penetra- 
tion into the metal (pitting) is related to 
the formation of electrochemical hetero- 
geneity on the metal surface caused by 
some properties of all soils. 
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TABLE 1—Corrosion Rate of Anode Portion of the Metal in Case of Local Macro-cells. 


| 
Weight Loss 
Calculated by 
Amount of 
Electricity in 


Actual Loss of | 
Weight in 


Depth of 
| Penetration in 
mm/ Year 


0.3 0.3 0.3 
0.9 0.9 | 1.1 
1.4 1.3 1.6 


Peculiarities of Formation and 
Functioning of Corrosion Cells 

The conditions for formation of electro- 
chemical heterogeneity on the surface of 
metal, leading to the development of cor- 
rosion, were studied through the corrosion 
of metals in liquid electrolytes, particu- 
larly aqueous solutions.® 7:89 The basic 
laws for the formation and functioning of 
local corrosion cells remain valid for the 
development of corrosion in humid soils; 
such corrosion processes are also electro- 
chemical in nature. Some peculiarities ob- 
served in electrochemical corrosion under 
soil conditions will be discussed. Unlike 
electrolytes which can be considered 
usually as homogeneous media, easily 
stirred or moving only by natural convec- 
tion, soils possess a greater heterogeneity 
and, to a large extent, must be regarded 
as stagnant electrolytes. This is the reason 
the rate of metal corrosion in the soil 
depends not only on the character and 
structure of metal, salt content and pH 


of the soil water, but to a greater extent 
on the physical-chemical properties of 
the soil, on its structure, degree of hetero- 
geneity, and most of all, on difference in 
rate of oxygen diffusion in the soil. 

According to conclusions of the modern 
electrochemical theory of corrosion, the 
maximum rate of metal dissolution takes 
place in media where the stifling of 
cathode and anode processes is at a mini- 
mum. In terms of soil corrosion, this 
means that in heavy soils and in the soils 
with a great amount of moisture, as well 
as in the light dry soils, the corrosion rate 
must be low. In the first case, the low 
rate is the result of stifling of cathode 
reactions; in the second the rate results 
from a probable slowing of the anode 
process.!°,11 The practical study of metal 
corrosion rates in different soils does not 
often confirm this conclusion.12 This 
seeming disagreement of theory with ex- 
perimental data is explained by under- 
estimation of macro-corrosion cells formed 
in soil conditions as a result of the hetero- 
geneity of the soil itself and, most of all, 
by the formation of macro-cells of differ- 
ential aeration.® Experimental study re- 
sults of characteristic types of macro- 
corrosion cells are given below. The func- 
tioning of these often determines the most 
intensive corrosion pitting of actual under- 
ground structures. 


Oxygen Diffusion Rates 
1. Formation of macro-cells on un- 
derground metallic structures, running 
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through soils with different rates of 


oxygen diffusion: The macro-cells of this 


tvpe are formed on long metallic struc- 
tures, running across soils with different 
physical-chemical properties. Abrupt al- 
‘eration of oxygen diffusion along the 
ietallic surface results in different elec- 
rode potentials of the metal and forma- 
ion of macro-corrosion current. The 
‘mount of current and its distribution 
‘long the surface depend on the electrical 
onductivity of soil and its polarization 
haracteristics. The latter, in their turn, 
ire determined by oxygen diffusion in the 
oil. For the cathode this is done by suffi- 
ient content of moisture, and for the 
inode by absence of notable passivity 
the presence of active ions, low rate of 
liffusion ) . 

Figure 1 gives curves of the corrosion 
urrent and potential distribution ob- 
tained in the experiment on a model pipe- 
line, passing through the boundary of sand 
ind clay of 10 percent humidity. The 
model was assembled with separate sec- 
tions isolated from each other with thin 
‘bonite insulators. The resistors (r) of 3 
ihm each were plugged in between the 
sections; they measured current by the 
potential decrease, the current passing 
through each portion of the pipe. The 
curves show that the initial potentials of 
the iron in the clay are 0.15 volt more 
negative than in sand. When the pipe sec- 
tions are closed electrically, the maximum 
gradient of the potential, maximum den- 
sity of cathode and anode currents and 
alteration of the pipe polarity take place 
exactly on the border-line between clay 
and sand. The measured currents testify 
to the presence of strong corrosion caused 
by differential aeration. 

The corrosion rate of separate samples, 
which are located entirely in loamy soil 
(i.e., when the corrosion process is com- 
pletely controlled by the function of 
micro-cells) is very low, as a result of a 
strong stifling of cathodic processes be- 
cause of low oxygen diffusion. Neverthe- 
less, the maximum corrosion pitting is ob- 
served just on this portion of the pipe 
which passes through clay. The increase 
of the corrosion rate on the portion of the 
pipe lying in clay is related to the func- 
tioning of macro-cells whose cathode por- 
tion is in sand while the anode is in 
clay. Thus, the variation of soil properties 
creates favorable conditions for the for- 
mation and functioning of distantly lo- 
cated elements on underground metallic 
structures. When the electrical couduc- 
tivity of soil is high, the corrosion current 
of macro-cells may be high also, creating 
deep corrosion pits in portions of struc- 
tures exposed to soil with low oxygen 
diffusion. 


Local Heterogeneity of Soils 

2. Macro-cells formed on metal surface 
as a result of local heterogeneity of soils: 
The geometric dimensions of macro-cells 
of this type may vary over a wide range 
depending on the value of separate macro- 
inclusions in the soil (stones, fractions of 
denser soil, etc.). The most dangerous 
anode portions are formed under the in- 
clusions of soil with lower oxygen diffu- 
sion, as compared with the main soil. 
Table 1 gives experimental data for a 
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study of the functioning of macro-cells. 
These macro-cells were formed between 
the surface of 10-cm (diameter) iron 
discs placed in: the soil with high oxygen 
diffusion (sand with 10 percent humidity ) 
and a separate portion of the same metal, 
15 mm in diameter, isolated from the 
rest of the surface, over which there was 
a cylindrical pile of clay of the same 
diameter and 15 mm in height. The 
macro-cell current was measured by the 
fall of potential in a 2-ohm resistor, con- 
necting these two portions of the surface. 

Evidently, the functioning of such 
macro-cells will depend to a lesser de- 
gree on the electrical resistivity of the 
soil, as a result of a comparatively small 
size of the inclusion, than will distantly 
located macro-cells of the first type. In- 
stead corrosion currents are determined 
mostly by polarization characteristics. It 
follows from the correlation of weight 
losses with the densities of macro-corro- 
sion currents (Table 1), that the share of 
the corrosion resulting from the micro- 
corrosion currents is very small; the ma- 
jority of losses result from the macro- 
corrosion current. 

The relatively large cathode surface of 
such corrosion elements produces con- 
siderable stable-corrosion current, causing 
deep pitting of the metallic surface on the 
anode portion under the local inclusions 
of denser soil. The majority of practical 
cases of local corrosion of underground 
metallic structures (when there are no 
stray currents) are controlled probably by 
the activity of such macro-corrosion cells. 


Macro-Cells on End of Structures 

3. Macro-cells formed on the ends of 
structures as a result of the oxygen dif- 
fusion end effect in the soil: Study of the 
corrosion processes of metals accompanied 
by oxygen depolorization in electrolytes 
established’ that oxygen diffusion rate to- 
ward the ends of the cathode is greater 
because of the use of additional lateral 
paths of diffusion. In the case of oxygen 
diffusion in the soil where the value of the 
diffusion layer is much greater than that 
in electrolytes and is practically the thick- 
ness of the soil layer over the cathode,!° 
the influence of the end effect for oxygen 
diffusion will be even greater. 

Figure 2 gives the distribution of rela- 
tive density of the diffusion current on 
the cathode surface in relation to the 
distance from the end of the ci.thode (1). 
Measurements were made oun the iron 
cathode, composed of isolated iron rings, 
which were in one plane (see scheme in 
Figure 2). The cathode was polarized in 
the sand of 10 percent humidity at a 
potential of 0.8 volt. To decrease the in- 
fluence of a possible electrical effect, 
additional external resistors were intro- 
duced to level the differences of resistors 
between each ring and the anode to a 
certain value. Figure 2 shows that the 
density of current of oxygen diffusion at 
the ends of the cathode is much greater 
than in the center. 

The absence of uniformness in the dis- 
tribution of current density increases with 
the increase of thickness of soil layer over 
the cathode. Macro-cells are formed as a 
result of non-uniform diffusion of oxygen. 
This situation results in a difference in 
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potential between the extreme, more 
aerated zones and middle part of the 
structures. The ends of such a structure 
serve as the cathode and consequently 
corrode less than does the remaining 
anodic middle part of the structure. The 
possibility of formation of such macro- 
cells has been proved experimentally by 
the use of samples of iron made in the 
form of discs 20 cm in diameter and con- 
sisting of an external ring and internal 
disc, lying in one plane. The sample was 
placed in the soil, the external ring was 
connected to the internal disc through a 
current meter, and the current of macro- 
cells thus produced was measured during 
the corrosion process. 

Figure 3 shows the appearance and 
distribution of penetration along the sur- 
face of one such sample after a four- 
month test. The ring portion of the 
sample (cathode) displays the least 
amount of attack. The portion of max- 
imum penetration, which has the form 
of a concentric area, does not reach the 
center of the disc. This is a result of the 
influence of electrical resistivity on the 
distribution of current. Thus, even under 
conditions of physico-chemical homo- 
geneity of soils, the end effect of oxygen 
diffusion may cause the formation of 
macro-cells on the edges of metallic struc- 
tures. In several practical cases, corrosion 
was localized along the surface of the 
metal near the edge of the structure 
(reservoirs, pipes, etc.). The well-known 
relation between the soil corrosion rate 
and the area (geometrical dimensions) of 
the samples must be related also to the 
influence of such an effect. 


Effect of Soil Depth 

4. Macro-cells depending on depth: 
Macro-cells of this type, as well as those 
considered in Section 3, may be formed 
even in a homogeneous soil if separate 
portions of a metallic structure lie at 
different depths from the soil surface. 
Also in this case, the macro-cell current 
will increase with a decrease of specific 
resistivity of the soil and with an increase 
of the sloping angle of the structure to 
the soil surface. Therefore, such macro- 
cells will be formed more frequently on 
vertical structures, running from the soil 
surface into the deep-lying layers. 


Micro-Cells 

Besides the possibility of the formation 
of the above types of macro-corrosion 
cells, there will be two other types formed 
on the metal surface in the soil. 

5. Formation of micro-cells connected 
with the structural heterogeneity of the 
soil and 

6. Micro-cells connected with the struc- 
tural micro- (and sometimes macro-) 
heterogeneity of the metal itself: As far 
as the functioning of micro-cells is con- 
cerned, electrical resistivity of soils is not 
important, and the intensity of their 
functioning is determined completely by 
polarization factors. Soil corrosion in 
general is a combination of the above 
mentioned macro- and micro-corrosion 
processes. Until now, there have been no 
attempts to draw a line of demarkation 
between the parts played by macro- and 
micro-cells in the general effects of cor- 
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Figure 4—Diagram of soil rod. 1 — screwed on iron 

head, 2 — iron head, 3 — iron rin electrodes, 4 

= copper-sulfate reference electrodes, = thick- 

walled pipe sections screwed together, 6 — conduc- 

tors from electrodes and half-elements, 7 — ebonite 
packings. 


rosion though this is of great practical 
importance. The main importance is at- 
tributed to macro-cells of non-uniform 
aeration, participating in the corrosion 
process, corrosion pitting having a more 
expressed local character and concentrated 
on portions of the structure with lower 
aeration. Soil corrosion determined 
mainly by the functioning of micro-cells 
is characterized by more uniform cor- 
rosion, being greater on portions with 
higher aeration. The functioning of macro- 
cells is determined principally by the 
specific electrical resistivity of the soil, 
the importance of the latter increasing 
with an increase in dimensions of the 
macro-cells. 

The above examples indicate that the 
corrosivity of the soil must be determined 
by two characteristics: (1) a uniform 
corrosion rate determined mainly by the 
functioning of micro-cells and (2) a rate 
of localized corrosion determined mainly 
by the functioning of macro-corrosion 
cells (brought about differential aeration). 
One should find a measure, therefore, 
which characterizes quantitatively these 
particular values, which employed in the 
field requires minimum time. 


Theoretical Foundations of a Suggested 
Evaluation Method 
The uniform corrosion rate of metal in 
a given soil may be characterized by the 
value: 
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Figure 5—Schematic of measuring device. Tp — intertube radio transformer with turn ratio of 1:2 and 
additional winding of 150 turns. D — 0.4 mm. 71 72 = tubes of type I1KIS. 73 = tube type 1b1S. 74, 7s = 


tube types 2S1S, Resistors: ri, 3mg ohm; r2, 10k ohm, rs, 100k ohm, rs 


fz, Img ohm, rs and ro, 3k 
rie, 100, 100 
1000pF, Cs, 5000pF, Cs, 10, 


ohm, rio, 4k ohm, 111, 500 ohm, riz, 40mg ohm, fis and ris, 11mg ohm, tis, 
0, 10,000 ohm, riz, 100 ohm, ris, 10x1 ohm, 10x10 ohm, ris, 4k ohm. Condensers: C:= TF, a= 

pF. Other parts: Si — switch for three positions, Mi — microammeter, Mz = 
multi-scale milliammeter, bi — 1.2-volt battery, bz — 2.4-volt battery, bs = 


50k ohm, rs, 100k ohm, re, 100k ohm, 
1k ohm, 


AC-60 or AC-80 battery, bn 


= battery for polarization 20-30 volt, 3 — terminal to iron electrode of rod, 4 = terminal to comparison 
electrode, 5 — terminal to additional polarization electrode, and S2: = polarization switch. 


where K is the constant, I, and I, are 
the densities of anode and cathode cur- 
rents, related to a certain shift of poten- 
tials of anode and cathode from the initial 
value. This relation can be developed 
easily from a well-known relation for the 
corrosion rate: 


Ae° ; 

ler =P PTR (2) 
where Ae° is the difference of potentials 
between the anode and cathode portions 
of a micro-corrosion cell without current 
flow, P, is the anode polarization, P,, the 
cathode polarization and R is the elec- 
trical resistivity between the electrodes of 
the micro-cells. If it is supposed that the 
influence of the electrical resistivity (R) 
on functioning of micro-cells is not con- 
siderable, while the difference of the 
initial potentials of the cathode and anode 
portions of metal in a first approximation 
for different soils may be admitted as con- 
stant, then the levelling off of polarization 
curves will transform the relation (2) into 
(1). Such a relation has already been 
suggested in the literature, but for dif- 
ferent conditions.1% 14 The admitted as- 
sumptions are well justified in practice. 
Thus by measuring the values of I, and I,, 
at certain potentials of anode and cathode, 
one can calculate a possible rate of uni- 
form corrosion of metal in the given soil. 
Evidently, with I, » I,, and I, » I,, I,,,= 
KI,, or, correspondingly I,,, = KI,, i.e. 
the rate of corrosion is determined by the 
rate of the slowest process. In case of 
commensurable values of I, and I, the 
corrosion rate is determined by the 
velocities of both processes. To make it 
clearer, one can consider not the rates of 
the anode and cathode (I,) and (I,) 
processes, but the resistivity to their de- 


r and 





velopment, i.e. the values of 





I.° The total resistivity to the corro- 


sion process can be expressed as 


c a b ‘ 
=—>—-+-— . After transformations 
leor Ie Ix 





equation (1) is obtained. 
The rate of total corrosion or the value 


I, ° I j ; 
of Lr on say nothing about the in- 


clination of soils to produce localized 
corrosion, i.e. about the probability of the 
formation of macro-corrosion cells. At 
this stage of research it is considered im- 
possible to find the analytical relation 
between the probability of macro-cell 
formation, degree of aeration and electro- 
conductivity of soils. But it can be proved 
that the probability of macro-cell forma- 
tion, i.e. the formation of difference of 
potentials between the neighboring por- 
tions of a structure, increases with the 
increase of the degree of soil aeration, 
while the magnitude of current from 
macro-cells is inversely proportional to 
the specific resistivity of the soil, 


A (3) 


where § is the depth of penetration in 
mm, I, is density of cathode current, A 
is a constant, and p is the specific re- 


a egeie ; oe 
sistivity of the soil. Thus, the ratio _ 


should identifiy the rate of localized cor- 
rosion, connected with the functioning of 
macro-cells of the second type. 

To evaluate the possibility of the forma- 
tion of distantly located macro-cells, one 
should analyze the variations of the 
aeration of soils (I,,) along the line. The 
rapid variation of I, along the line 
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greater probability of the formation of 
large-scale macro-corrosion cells. Evi- 
dently, the value 

Alx 1 


a. a (4) 





is a reflection of the corrosion rate over 
long portion of underground structure 
in the case that macro-cells function. 

In summary, the values I,, I,, p, ob- 
ained during study of a soil, are complete 
orrosion characteristics of the soil which 
jualitatively determine the local uniform 
orrosion in equation (1), localized cor- 
osion in equation (3), and the possibility 
of the formation of long macro-cells in 
‘quation (4). An apparatus for measuring 
these characteristics of the soil in field 
conditions is described below. 


Apparatus Design 

The apparatus consists of two main 
parts: the soil rod and measuring device. 
The rod is a thick-walled pipe two 
meters in length and 20 mm in diameter 
made of separate portions screwed to- 
gether. The head of the rod carries two 
iron electrodes, 20 sq cm area each, iso- 
lated from the metal rod by ebonite 
washers (see Figure 4) with miniature 
copper-sulfate reference electrodes. Both 
iron electrodes are used as anodes or 
cathodes of cells and for measuring elec- 
trical resistivity of the soil. Conductors 
leading to electrodes pass inside the pipe 
and are joined to the measuring device. 

The measuring device, given schema- 
tically in Figure 5, consists of alternating 
current generator, a bridge for measuring 
resistivity, and an electronic volt-meter. 
When the soil resistivity is measured, the 
switch number 1| closes the entire circuit. 
Only the last two tubes are used for 
measuring potentials. A sound generator 
with a tube and transformer connection 
serves as a source of alternating current 
which feeds the bridge. The frequency of 
the generated sinusoidal oscillations is 
1000 cycles. The alternating current runs 
from the transformer outlet to the di- 
agonal of the bridge. The alternating emf 
is taken from the other diagonal and is 
multiplied by a two-cascade multiplier 
with two tubes mounted on resistors. The 
diode of the second tube is used for recti- 
fying the multiplied alternating emf. The 
rectified emf goes to the input of the 
electronic voltmeter, which in this case 
serves as a zero indicator. The bridge is 
balanced by minimum fluctations of the 
pointer of the current meter (MI in Fig- 
ure 5) in measuring the soil resistivity. 
The electronic voltmeter is assembled ac- 
cording to well-known circuits! with two 
tubes. There is a voltage divider of 40 
megohms placed on the voltmeter input, 
giving a measuring range from 1 to 100 
volts. The high input resistance of the 
device ensures good sensitivity without 
polarizing the measured circuit. 

The anodes of the tubes are fed by the 
battery number three. The filament cir- 
cuits are fed from separate cells or storage 
batteries. The whole device with power 
supply was packed in one box. The anode 
and cathode polarization of electrodes 
was measured by a separate battery, 
placed in the same box, through a system 
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Figure 6—Comparison of readings of apparatus for 
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Figure 7—Correlation of value with depths of penetrations 6mm. 5 years on pipe line in different soils. 


of variable resistors. An iron bar, forced 
into the soil at the distance of 1.5 to 2.0 
meters from the rod served as the 
auxiliary electrode for polarization. 
Measurements were done in the follow- 
ing order: The rod was forced into the 
soil at a certain place under consideration. 
The resistivity of the soil and the initial 
potentials between the electrodes was 
determined. Then the polarizing circuit 
was closed, and cathodic polarization pro- 
duced at both electrodes of —0.8 volt, 
which was maintained permanently by 
means of variable resistors. The final 


magnitude of the cathode current (I,) 
was steady within 20 minutes after the 
beginning of polarization. Then anodic 
polarization of both electrodes was pro- 
duced at 0.2 volt and limited to 10 
minutes, sufficent for partial stabilization 
of the electrode processes. The polariza- 
tion time can be shortened, but the estab- 
lished schedule should be followed in all 


cases. 


Discussion 
The apparatus was tested at a number 
of typical soils in the district of Zvenig- 
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CORROSION 


TABLE 2—Characteristics of Studied Soils and Corrosion Data Taken by the Apparatus. 
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l | 
READING 
—- Share of Share of Steel Cor- 
I, Ik | Anode Cathode Anode Cathode | rosion Rate 
| | —- Polarization | Polarization Control* Control** in g/m? 
Type of Soil | InmA | Ix mA |e + et thee 1 : Px | Ne Nx Per Year 
1. Sand with salts 7-10% of moisture. nvikk ice 30 |} 20 | 12.0 | 300 | 3.3 50 0.94 1572 
meee int enti~tinaionenniee stanton tpapententinnial sia Manian tae icenetematiE ts 2 = pros Sut fe me 
2. Loamy soil with sand............... 20 } 32 | a7 | 130 | 10 220 ca 0.04 | 0.96 252 
3. Silty soil of sewer ditch.............. | SS | SA Tea | Ue 40 170 O19 "| 0.81 270 
4. Gray clay, very humid. .............-++. | 7.8 Mm |} 2 | ae 36 25 060C| SC lCiS|CC( 252* 
5. Very humid clay sand soil with pebbles 4.0 1.5 | | | 30000 40 300 0. 12 0.88 214* 
6. Gray, clay, -10% of moisture. .......... | 20 | 10 | 06 | 6800 | 50 500 =| (0.09 0.91 120 
7. Dry sand- loamy soil..........-..-0+-+++. | 08 22 | 0.5 | 40000 | 125 110 0.53 | 0.47 92 
8. Dry loam with limestone..............+. | Os | UF | ee. | omy 500 380 | 0.56 | 0.44 26* 
| | | | 























* *T he aate are taken can experiments pnchennniul with A.F, Lunyov on the study of the steel corrosion velocity in typical soils. 


** Plus the sum Na + Nk = I. 


orod Corrosion Station of the USSR 
Academy of Sciences and along the gas 
pipe line from Saratov to Moscow. 

The correlation of measured values 
Je * Tk 
I, + Ix 
rosive losses of steel samples, buried in 
the studied soils, yields a direct propor- 


° Ik 


for different soils with the cor- 


Te 
tional relation between I,,,. and L+. : 


Figure 6 gives this relation in double 
logarithmic coordinates. The constant of 
the apparatus in the given conditions of 
the experiment, determined graphically, 
turned out to be equal to 160. Then the 
formula for calculation of the steel cor- 
rosion rate in the given soil is: I 


ete e/ 
16 I. Tk -g/m? year 


cor~ 


The results obtained provide the basis 
for the classification of soils according to 


I. ° Ix 


their corrosivity. If the value of ci. 
aii 


iS: 
1. Between O and 0.1 mA, the soil 
corrosivity is low. 
2. Between 0.1 and 1.0 mA, 
corrosivity is moderate. 
3. From 1.0 and higher, the soil cor- 
rosivity is high. 


the soil 


Table 2 gives data for the soils that 
were studied. There is no direct relation 
between the corrosion rate of separate 
samples and the electrical conductivity 
of soils. It supports the conclusion of a 
weak influence of the electrical-conduc- 
tivity of the medium on the density of 
macro-corrosion currents. The data give 
values of the cathode and anode polar- 
ization of iron in these soils and the por- 
tion of the cathode and anode control 
N,,) and (N,) in the corrosion process. 
As the values of the initial potential (¢; 
of electrodes were taken, while the polar- 
ization potential (¢,) remained constant 

a 
then P, =- =e 


for the cathode), 


e, —e,* 


and P,, . “(it is assumed that the 


iron polarization in the soil is linearly de- 
pendent on the current density to a first 
approximation). If the role of electric 


82t 


resistivity is not important, then the 
portion of the anode N, and, correspond- 
ingly, cathode N, control may be de- 


; P r 
termined from N, =p +p, and Ni, = 
a 


_ Px — 
P, -- Py’ 

There is anode control of the iron cor- 
rosion process in some soils. In the 
majority of humid soils the iron corrosion 
rate is determined by the cathode process 
velocity, and, as is evident from the 
above given data, in the majority of cases, 
there is mainly cathode control. Figure 7 
gives the dependence of depth of pene- 
tration (§ in mm for 5 years) on the 
studied portion of the gas pipe line on the 





Ix : z 
value R>? where I,, is the reading of the 


apparatus in mA, and R is soil resistivity 
between electrodes. Despite wide-spread 
points, there is a well expressed increase 
of the depth of penetration with increase 
of the degree of aeration and electrical 
conductivity of soils. 


Apart from the theoretical basis of the 
suggested method, the tests of the de- 
scribed apparatus have considerable ad- 
vantage over the now-existing methods for 
the evaluation of the corrosivity of soils 
in designing long-distance pipe lines. Be- 
cause of its simple operation, precision 
and light weight, the apparatus can be 
recommended not only for the study of 
the corrosion properties of soils but also 
for electrical measurements on the line. 


Conclusions 


The now-existing methods for the 
appraisal of the corrosive activity of soils 
cannot give comprehensive characteristics 
of all the corrosive properties. 

In addition to the generally uniform 
corrosion of underground structures pro- 
duced by micro-corrosion cells, there is 
also a process of localized corrosion con- 
nected with the formation and functioning 
of macro-corrosion cells having their 
origin in differential aeration. 

Actively. functioning differential 
aeration corrosion cells have been experi- 
mentally confirmed on the metal surface 
in the soil, resulting from | (a) non-uniform 













oxygen diffusion of neighboring portions 
of the soil, (b) local heterogeneity of soils, 
(c) greater oxygen diffusion to the edges 
of the structures and (d) different depth 
of separate parts of the structures. 


4. Based upon analysis of conditions for 
the formation of electrochemical hetero- 
geneity of metals in the soil, it has been 
proved that one can characterize compre- 
hensively the corrosive properties of soils 
by measuring the cathode polarization (or 
the value I, equivalent to it), anode 
polarization (or the value I, equivalent 
to it) on iron electrodes and the electrical 
resistivity of the soil (R). 

5. Recommended apparatus for field 
study of the corrosion properties of the 
soil has been designed. 


6. The field test of this apparatus has 
yielded satisfactory results. The direct re- 
lation between the reading of the appa- 
ratus and the rate of general and localized 
corrosion on steel in the soil is demon- 
strated. The apparatus may be recom- 
mended for wide application for field 
studies of the corrosion properties of soils. 
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Introduction 


HE ANALYSIS of variance is a very 

useful tool in analyzing data. For- 
mally, it is a statistical technique for 
testing the hypothesis that a set of ob- 
servations conform to a simple additive 
model with homogeneous variance. If a 
given system is actually multiplicative, 
the analysis of variance should and us- 
ually does show that the main effects 
have no signficance, and the interactions* 
are significant. This indicates that the 
system is not simple and additive. By a 
logarithmic transformation, a multiplica- 
tive system is made additive. The analysis 
of variance on the transformed data of a 
system originally multiplicative should 
and usually does confirm the hypothesis 
that the transformed data conforms to a 
simple additive model. 

The type of situation discussed above 
can be very simply illustrated by the 
following example. Suppose a true rela- 
tionship can be represented by the model 
y = ab, or log y= loga + log b. Further 
suppose that the logarithms of the yields 
result in the manner shown in Table 1. 

These results clearly show the ab- 
sence of an interaction effect, since at 
both levels b, and b, a change from a, 
to a, changes log y by 0.60. If, however, 
the logarithmic transformation had not 
been used, Table 2 would have resulted. 

Table 2 suggests the presence of 
an ab interaction since changing a, to a, 
at level b, changes y by 0.60 as com- 
pared to a 3.75 change in y at level b,. 

The effects of the independent vari- 
ables in corrosion data seem to be mul- 
tiplicative, which calls for a logarithmic 
transformation to convert this to an ad- 
ditive system. The simplification pro- 
duced by such a transformation was 
strikingly illustrated in the analysis of a 
recent corrosion experiment. 


Experimental Procedure 

The experiment was involved in the 
design of a power producing nuclear 
reactor using a high purity, light water 
coolant and aluminum jacketed fuel ele- 
ments. Such a reactor continues to gen- 
erate heat by radioactive decay after the 
reactor is shut down. In case of a failure 
of the main cooling system, some supple- 
mentary cooling must be provided. 

The simplest way to provide supple- 
mentary cooling is to run ordinary pot- 
able water through the reactor from the 
fire or sanitary water systems. The ex- 
periment was made to determine whether 


%& Submitted for publication December 20, 1957. 


* When two independent variables each affect a 
dependent variable in such a way that the effect 
of one is a function of the other, this is called 
an interaction, 


Variable Interaction: A Statistical Solution* 


By H.C. BOWEN, C. GROOT and J. L. JAECH 


the occasional use of such low purity 
water at low temperature would cause 
excessive corrosion in the system. 

Two matched autoclaves were used in 
the study. Each had a volume of three 
liters and a flow rate of three liters per 
hour; each operated 16 hours at 170 C 
and 8 hours at 50 C on each working 
day, and each operated continuously at 
170 C on deionized water over the week 
end. Different waters were used in the 
two autoclaves. The water in the de- 
ionized water autoclave had a specific 
resistance of one megohm and a pH of 
6.4. The other autoclave operated on an 
alternating cycle: 


16 hours in deionized water at 170 C 
2 hours in deionized water at 50 C 
3 hours in tap water at 50 C 
3 hours in deionized water at 50 C 


An analysis of this tap water gave the 
following results: 


pH 8.0 
Turbidity 0.3 ppm 
Methyl orange alkalinity 182 
Hardness 162 
Total solids 266 
SO, 26 

Cl 8.2 
SiO, 34 
Fet*++ 0.034 
Cr < 0.002 
Cu 0.010 
Al < 0.05 
Mg Ea 
Ca 31.1 


Three aluminum alloys were tested. 
The compositions are: 


1245: 2S with additional restrictions 
on elements of high cross section 
for neutrons. 

M-388: 1 percent Ni, 0.5 percent Fe. 

X2219: 6.2 percent Cu, 0.19 percent 
Fe, 0.11 percent Si, 0.32 percent 
Mn, 0.12 percent V, 0.16 percent 
Zr. 


TABLE 1—Logarithms of Yields 


























ai a2 
Gaba ah cis tasee | —070 | —0.10 
TS or, akkgid shee a ace ata | 0.10 | 0.70 
TABLE 2—Untransformed Yields 
Rr ee oe th re 0.20 j 0.80 
Bln cts caeeeees 125 | 5.00 


Abstract 


Interactions may appear in an analysis of 
variance because of a poor choice of model. 
The effects of the independent variables in 
corrosion data seem to be multiplicative, 
which calls for a logarithmic transforma- 
tion to convert this to an additive system. 
The simplification produced by such a trans- 
formation is strikingly illustrated in the 
analysis of a corrosion experiment. The ex- 
periment described was made to determine 
whether the occasional use of low purity 
water at low temperature would cause 
excessive corrosion in the cooling system 
of a power producing nuclear reactor. 
Three types of aluminum alloy were used 
in the corrosion tests. 2.1.1 


The samples were 0.5 inch by 1 inch, 
sheared from 1/16 inch rolled sheet. A 
Y% inch hole was punched in one end. 
The samples were degreased, etched in 
50 percent sodium hydroxide, etched in 
nitric acid, rinsed, dried and weighed. 
The samples, separated by aluminum 
washers, were strung on aluminum wire 
and hung in the aluminum autoclave 
liners. 

Half the samples were removed at the 
end of one month, and half at the end of 
three months. The samples were dried 
and weighed. The metal remaining was 
dissolved in a methanol-iodine solution 
and the unreacted corrosion product film 
was weighed. The metal lost in the cor- 
rosion process was computed as the 
original weight less the weight of the 
metal remaining; that is, the original 
weight plus the film weight and less the 
corroded weight. The corrosion appeared 
very uniform, so the results were calcu- 
lated (using the sample areas and densi- 
ties) as milli-inches penetration (mils). 


Results 


To summarize the above, the three 
variables involved in the experiment had 
the following levels: 


T = time: one month; three months. 
A = alloy: M-388; 1245; X-2219. 
W = water: alternating; deionized. 


The data consisted of the amount of 
corrosion, expressed as penetration in 


TABLE 3—Corrosion of Aluminum in De- 


ionized and Alternating Waters At 170 C 
(Mils Penetration) 














Deionized | Alternating 
Water Waters 
.09, .07 22, 21 
‘06, .06 ‘21, .19 
(07. .09 .29, .29 
3 Months: | 
WER aos fh .09, .07 30, .28 
7 | 211; :08 29, .31 
Was... 5c. neces | 3a | 45, 48 
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TABLE eee of Variance of Raw Data 


Degrees of 
Freedom 
150.1 
__ 2562. 7 
308.2 2 
70.0 


26.5 5 


2 


Residual........... 12 


Mean | Mean Square 
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TABLE 5—Analysis of Variance of Transformed Data 


Degrees of 
| Freedom 


J. L. JAECH has been a statistician for 
General Electric at Hanford Atomic Products 
Operation for five years, working primarily 
on problems associated with the irradiation 
of fuel elements. Work at the University of 
Washington led to a BA degree in mathe- 
matics (1952) and an MS degree in mathe- 
matical statistics (1953). He has member- 
ships in the Institute of Mathematical 
Statistics and the American Statistical Asso- 
ciation. 


Expected Mean 
Square* 


o2 + 8 a2, 
o2 + 4 caw + 12 o2y 
2 FER + 12 o2% 
a2 + 4 craw 


o2 + 4 oa 
o2 + 2 craw: + 6 c2we 


pee | Mean Square 


ner} 

A .6622 

-1347 

| 0027 

=F 0 1 09 
| 


.0025 


0031 
0029 





Test AWT against residual: F = 1,07 tuee significant) 
Pooled variance = .0029 with 14 degrees of freedom 
Test two easter interactions against pooled variance. 


* Assumes A random al Ww oid T fixed variables (see reference 1) Test t AW T 
against Residual F = 2.82 (not significant) Pooled variance = 2.74 with 14 
degrees of freedom. 


Test each two factor interactions against pooled variance: 


AW : F = 25 7 

AT :F = 

WT :F = 443 
Test main effects: 

A against residual: F 

W against AW F 

T against AT F 


all significant 


54.8 (significant) 
36.6 (significant) 
11.6 (not significant ) 


milli-inches, of duplicate coupons sub- 
jected to each of the twelve possible 
experimental conditions. The results are 
given in Table 3. 


Analysis of Results 

When the data were analyzed without 
the benefit of a transformation (except 
for multiplying each value by 100), 
Table 4 resulted. 

On this basis, one would have con- 
cluded that all three two-factor inter- 
actions are significant, in addition to the 
A and W main effects. In terms of the 
original data, the effect of the alloy de- 
pends on the water, the effect of the 
water depends on the time, and the effect 
of time depends on the alloy. This in- 
terpretation is complex, unmanageable 
and actually misleading. 

By using a logarithmic transformation, 
(log 100y) Table 5 resulted. A simple 
and satisfactory explanation of the data 
results. 


Conclusions 


In terms of the authors’ original data, 
the alternating water corroded samples 


F <1 (not significant). 
AT :F = 3.76 (5 percent value is 3.74). 


WT : F <1 (not significant). 


Pool ‘AW and WT with AWT and residual pooled variance 


degrees of freedom. 
Test main effects. 


A against residual : F 
W against residual : F 


T against AT 


= .0029 with 17 


18.3 (significant). 
57.3 (significant). 
12.4 (not significant) 


AT is of doubtful significance. Testing T against the residual yields an F value 


that is highly significant. 


three times as fast as the deionized water, 
while the alloy X-2219 corroded 1.5 
times as fast as the other two. On the 
average, the corrosion in one month was 
65 percent of that in three months. How- 
ever, there is some evidence from this 
experiment that this time effect is alloy 
dependent, alloy 1245 having behaved 
differently from the others in this re- 
spect. Results from other experiments in- 
dicate that no true time-alloy interaction 
exists. Since some 65 changes to tap 
water increased the corrosion rate only 
three-fold, it was concluded that a single 
change would have little effect and that 
a tap water emergency cooling system 
would be satisfactory. 

Another assumption made in the anal- 
ysis of variance is that the variance is 
homogeneous, that is, that large values 
have the same absolute uncertainty as 
small values. If this assumption were to 
hold on the logarithmically transformed 
data, the original data must have a uni- 
form relative uncertainty. Any experi- 
ment has several sources of error, some 
of which are sources of relative error and 


some of which are sources of absolute 
error. 


In corrosion experiments those factors 
which determine the amount actually 
corroded, such as pH, temperature, and 
water flow, are sources of relative error. 
Those errors arising from the determina- 
tion of that amount, such as weighing 
errors, pickling losses, surface area meas- 
urements, etc., are independent of the 
amount corroded and are thus a source 
of absolute error. If the amount corroded 
is large with respect to the uncertainty 
in determining it, the over-all uncertainty 
is largely relative, and the logarithmic 
transformation creates the homogeneity 
of variance assumed in the analysis of 
variance. This is the usual case for corro- 
sion data. In the example given here the 
homogeneity of variance apparently is 
not improved by the transformation, 
since the amounts corroded are relatively 
small. 


Reference 
1.C. A. Bennett and N. L. Franklin. Statistical 
Analysis in Chemistry and the Chemical In- 
dustry, John Wiley and Sons, New York, 1954, 
pp. 385-402. 
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Effect of Molten Boron Oxide 


On Selected High Temperature Alloys* 


Introduction 


( *ONSIDERABLE INTEREST has 
4 been generated in recent years in 
1e use of boron and boron containing 
ompounds. The prospect of potential 
iew markets and a wide range of com- 
iercial and military applications have 
reatly stimulated the boron industry. 
some of the applications for boron and 
oron compounds include use in boro- 
ilicate glasses, glass fibers, high tempera- 
ure ceramics and cermets, plastics with 
igh melting points, atomic reactor ma- 
erials, new alloys and certain organic 
ntermediates. 

The domestic boron industry is rapidly 
‘xpanding not only its mining facilities 
but also its boron refining and chemical 
manufacturing facilities. A record esti- 
mated gross weight of 945,000 short tons 
of boron minerals and compounds was 
consumed in the United States in 1956 
with an estimated value of 39.6 million 
dollars. The utilization or presence of 
boron oxide in manufacturing processes 
also has increased rapidly, particularly as 
a fluxing agent in welding applications, 
in the glass industry and as an intermedi- 
ate in manufacturing and other areas. 
With the increased interest in boron 
oxide for industrial and military applica- 
tions has come a corresponding desire to 
know more about the chemical and physi- 
cal properties of boron oxide. 

The most stable boron oxide, B2Os, 
also referred to as boric acid anhydride 
or boric oxide, exists in either an amor- 
phous, vitreous (glass), or crystalline 
state. The actual form apparently de- 
pends upon the temperature and water 
content. Many sub-oxides of boron have 
been reported in the literature including: 
B,O, BO, BsO, BO, BxO, B:Os, B:O:, 
and BO. 

The compounds B,O,, B,O., and BO 
have been isolated, and _ considerable 
physical and chemical information is 
known about them.”* The two lower 
oxides of boron, B:O2 and BO, have been 
identified as gaseous species in the water- 
boron oxide system. Little is known about 
the other sub-oxides, since they have 
not been clearly isolated as compounds. 

All corrosion studies reported in this 
paper will deal only with the effect of 
boron oxide, BOs, on alloys. The effect 
of boron and boron sub-oxides as cor- 
roding agents will not be directly dis- 
cussed except where relevant to the 
investigation. 

Boron oxide, as a glass, has an indefi- 
nite melting point near 850 F and, at 
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atmospheric pressure, has a boiling point 
near 3700 F. Solid boron oxide is quite 
hygroscopic, the amorphous glass turn- 
ing from a water-clear color to a milky 
white with time. For this reason it is 
difficult to produce water-free boron 
oxide. Boron oxide is readily soluble in 
hot water and is soluble in acids and 
alcohols. 

Crystalline solid boron oxide has been 
prepared by a closely controlled heat 
treatment of boric acid. The density of 
this oxide has been determined to be 
2.46 gm per cc and the melting point to 
be at 840 F. Crystalline boron oxide is 
not widely used, since, under nearly all 
conditions, amorphous boron oxide is 
more stable.* 

Molten boron oxide is a very viscous, 
clear liquid when water free. At 1800 F, 
molten boron oxide has a viscosity almost 
the same as liquid mercury at room 
temperature. At lower temperatures it 
has the consistency of very heavy oil or 
molasses. 

From available experimental data, it 
appears that the surface tension of molten 
boron oxide increases with temperature. 
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Abstract 


This paper reports certain initial studies 
wherein unstressed selected high tempera- 
ture alloys, representing four main classes 
by composition, were exposed to molten 
boron oxide. Test conditions ranged from 
1600 to 2000 F in air and inert atmos- 
pheres for time periods of about 150 hours. 
A special, high temperature furnace op- 
erating under reproducible and closely 
controlled conditions, alternately cycled the 
specimens between the molten boron oxide 
liquid and gas atmosphere environments. 
Results showed that molten boron oxide is 
very corrosive, particularly to iron and 
cobalt base alloys at temperatures over 
1800 F. Some alloy constituents as carbon, 
aluminum, titanium and iron at low con- 
centration levels appear to reduce alloy 
resistance to molten boron oxide. Mechani- 
cal strength data showed that the alloy’s 
plastic properties are more rapidly affected 
than the elastic properties. The effect of 
atmosphere, temperature, alloy composi- 
tion and other factors are evaluated. Sev- 
eral mechanisms of corrosive attack by 
molten boron oxide are postulated to ex- 
plain the data. 4.7 


This is not an uncommon occurrence 
when considering glasses. At some point, 
the surface tension must begin to de- 
crease with increasing temperature be- 
cause, at the critical temperature, the 
liquid and vapor phases become indis- 
tinguishable and the surface tension ap- 
proaches zero. However, the temperature 
where the surface tension begins to 
decrease is above 3000 F.** Molten 
boron oxide is acidic and is reduced 
only by the most active reducing agents. 
It is reduced by ammonia gas at 1100 F 
and by carbon, in a nitrogen atmosphere 
at 2400 F, forming boron nitride (BN). 
Boron oxide does not conduct electricity, 
but is phosphorescent. The intensity of 
the phosphorescence appears to depend 
on the quantity of water present. In- 
tensity is at a maximum when certain 
minute amounts of water are present 
but disappears on complete dehydration. 

The vapor pressure of boron oxide 
gas over molten boron oxide is very low 
and is about 0.1 atmosphere at about 
3500 F. Water vapor greatly increases 
the volatility of molten boron oxide and 
appears to react with boron oxide form- 
ing various gaseous and liquid boron sub- 
oxides and boric acids. At about 1800 F 
with a water vapor partial pressure of 
4 millimeters in nitrogen the boron oxide 
vaporization rate is increased about ten 
fold over that of a water-free nitrogen 
atmosphere. In the absence of water va- 
por it appears that boron oxide vaporizes 
as monomeric boron oxide, B:Os. At 
higher temperatures and in the absence 
of water vapor, boron oxide may dimer- 
ize to BOs. With water vapor present, 
other species have been determined, in- 
cluding boron sub-oxide (BO), the di- 
mer of boron sub-oxide (B,O,), meta 
boric acid (HBO,), its dimer (H,B,O,), 
and ortho boric acid (H,BO,).’ Consider- 
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Figure —Exposure chamber of high temperature 


corrosion test fixture. 


able research is presently being under- 
taken on the chemical and physical prop- 
erties of boron oxide, particularly at high 
temperature.” ° 

If elemental boron is formed due to 
chemical reactions between metal alloy 
and molten boron oxide, the vapor in 
equilibrium with the boron-boron oxide 
melt changes. Thermodynamic calcula- 
tions show that the vapor in equilibrium 
with a boron-boron oxide melt, in the 
absence of water vapor, contains appreci- 
able amounts of boron sub-oxide, B:Os, 
and some BO. If water vapor is present 
in the atmosphere in equilibrium with a 


boron-boron oxide melt, considerable 
amounts of boron oxide, boron sub- 
oxides, and boric acids are volatilized. 


The system boron-boron oxide is very 
complex, particularly if water vapor is 
present, and little is known about it. 

It has been stated that molten boron 
oxide is acidic in nature and is an excel- 
lent high temperature flux to which a 
vast number of compounds, especially 
oxides, succumb. It would be expected, 
therefore, to be highly corrosive to alloys 
in high temperature, high velocity, ox- 
idizing gas streams, since most of the 
complex high temperature alloys are heat 
resistant due to the formation of protec- 
tive oxide films or scales. 

Preliminary test programs to determine 
the extent and degree of attack by mol- 
ten boron oxide on alloys at high tem- 
perature have been undertaken by several 
investigators.”" °° These programs are 
summarized in two Wright Air Develop- 
ment Center Technical Reports.” ” More 
recent extensive programs have been 
undertaken by Armour Research Founda- 
tion,” Reaction Motors, Inc.,“* and the 
University of Dayton.” The earlier pre- 
liminary work showed that molten boron 
oxide can be corrosive to many alloys 
above 1700 F and extremely corrosive 
to almost all alloys at about 2000 F. 
Alternate immersion appeared to be a 
more severe test than total immersion 
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Figure 2—High temperature corrosion test fixture. 


since severe metal-air-boron oxide inter- 
face attack was often noted. When com- 
pletely immersed some alloys showed 
little attack, whereas partial or alternate 
immersion resulted in excessive corrosion. 

It appeared that both oxygen and 
water vapor had a marked effect on the 
corrosiveness of molten boron oxide. 
Large reductions in strength were noted 
on corroded specimens. However, anoma- 
lous results in these early screening pro- 
grams indicated that a more thorough 
evaluation of the effects of molten boron 
oxide on materials was desirable. The 
first effort was directed at the design and 
construction of a versatile high tempera- 
ture test furnace which could reproduc- 
ibly and precisely test materials in a 
boron oxide environment. This furnace 
will be described in a later section. 

A comprehensive test program was de- 
vised which would ultimately determine 
the effect of various parameters on the 
corrosiveness of molten boron oxide. Of 
prime importance was the effect of tem- 
perature, alloy composition, atmosphere 
and certain parameters involving the test 
procedure such as specimen cycling rate, 
and degree of specimen immersion on 
the rate and amount of corrosion of ma- 
terials in molten boron oxide. End use 
applications dictated that test times 
should be about 150 hours and that it 
was desirable to know the effect of boron 
oxide on alloy mechanical strength. 

Materials to be investigated were to 
include representative cobalt, nickel and 
iron base alloys and other alloys which 
have high temperature applications. 
Other parameters investigated include 
the effect of water vapor, stress (both 
cyclical and constant), additives to the 
boron oxide, and the interactions of these 
variables. The effects of all of these 
parameters will not be reported here. 
Materials to be studied in the future in- 
clude various coatings, cermets, ceramics, 
and other materials applicable for high 
temperature use. 













Test Program 


The test program employed for deter- 
mining the effects of boron oxide envi- 
ronments upon selected high temperature 
alloys was originated by the personnel of 
the Materials Laboratory at WADC and 
executed by both WADC and University 
of Dayton personnel. A long range pro- 
gram featuring the static exposure of 
these selected alloys to molten boron 
oxide was devised wherein variables such 
as temperature, time, and various gas- 
eous atmospheres could be explored. A!- 
though this program has not been com- 
pleted at this time, sufficient results are 
now available to warrant dissemination 
of preliminary information. 

The general objectives of the test pro- 
gram were achieved by a specified test 
procedure and the subsequent examina- 
tion and evaluation of the environmental 
effects upon the subject materials. Pre- 
vious static testing of high temperature 
materials in boron oxide environments 
had been accomplished by submerging 
or partially submerging the test materials 
in a suitable crucible previously filled 
with the molten oxide. The exposure 
was then continued within a furnace 
chamber at the test temperature for a 
pre-determined time. These earlier tests 
revealed that alternate immersion was 
normally the most destructive test. It 
was believed that such a condition might 
also be approached in actual end use 
conditions. Therefore, a different ap- 
proach to the exposure conditions was 
selected wherein a cyclic type of test 
was devised in order to facilitate ex- 
posure to combinations of molten boron 
oxide and gaseous atmospheres. In this 
type of test, the high temperature ma- 
terials would spend a period of time 
submerged in the molten boron oxide 
followed by a period of time exposed to 
a prepared gaseous environment. These 
exposures would constitute a continuing 
repeating cycle of variable frequency 
within which adjustments for exposure 
time in the boron oxide could be made. 
These tests were to be carried out at high 
temperatures (i.e., from 1500 to 2800 F). 

The following methods were used to 
evaluate the deleterious effects of the 
previously described exposures upon high 
temperature metals: 

1. Microstructure studies of the test 
specimen cross-sections. 

2. Determinations of effects upon the 
tensile strength, the yield strength and 
the elongation characterisitics of the test 
materials. 


3. Spectrographic examination of the 
surface scale formed on the test mate- 
rials and of the boron oxide remaining in 
the crucible after the tests. 

It should be pointed out that for the 
work described in this paper, all physical 
property determinations were conducted 
at room temperature after the materials 
had been removed from the exposure 
apparatus. Specimens were cleaned of 
boron oxide prior to examination. 


Test Facilities 


Because of the unusual environmental 
conditions required for these corrosion 
tests, it was necessary to design and 
construct a special test fixture to accom- 
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plish the work. In brief, the basic test 
fixture consisted of a heated exposure 
chamber of sufficient size to contain a 
number of test specimens, a crucible of 
boron oxide, and the mechanism to pro- 
vide the prescribed cyclic motion. In 
addition, the need for control specimens, 
which were duplicate specimens of the 
hich temperature materials to be exposed 
to the temperature and the gaseous en- 
vironment only, was realized, and thus 
the necessary space was provided within 
the same exposure chamber. Precise tem- 
perature control of the exposure chamber 
temperature in the range of 1500 to 2800 
F during the planned continuous opera- 
tion of the unit was considered to be 
a prime design requisite. 

As the dimensions of this chamber 
were dependent upon the size, shape, 
aid number of test specimens to be util- 
iz-d, it was necessary to select a form 
o specimen adaptable to the overall test 
program before proceeding with the over- 
al design of the unit. Because tensile 
testing was to be utilized during the 
e\aluation, the standard ASTM tensile 
test specimen shape for sheet metal ma- 
terials was chosen as the test specimen. 
This choice did not preclude the use of 
other types of specimens; however, it did 
fix the maximum length of any specimen 
for cyclic exposure in this apparatus to 
a length of approximately eight inches. 

The final configuration of the basic 
exposure chamber evolved as a vertical 
tube muffle furnace with a usable work- 
ing space eight inches in diameter and 
30 inches long. This unit was electrically 
heated by means of resistance elements 
of the silicon carbide rod type. As the 
vertical tube was open at both ends, 
the lower end provided access for the 
prefilled crucible containing approxi- 
mately four pounds of boron oxide, 
whereas the upper end was utilized for 
insertion and removal of the test speci- 
mens. This configuration is depicted in 
Figure 1. The muffle, separating the 
heating elements from the exposure 
chamber, was constructed of silicon car- 
bide. The crucible of boron oxide was 
supported on a refractory casting which 
also functioned as a means of admitting 
air or other gases into the exposure 
chamber through passages provided in 
this casting. The test specimens were 
supported by a special holder fabricated 
from an aluminum oxide material. This 
holder was attached to a tube extending 
through a suitable lid in the top of the 
chamber. 

The cyclic immersion of the test speci- 

















mens was achieved by means of a mech- 
anism which imparted a vertical straight 
line motion to the tube and holder as- 
sembly. The displacement was sufficient 
to provide approximately six inches of 
specimen immersion and, alternately, 
complete gaseous exposure. Thermo- 
couples for temperature measurement 
within the chamber were brought in 
through the tube. 

Precise temperature control was 
achieved by the use of a stepless pro- 
portional system, highly sensitive to both 
the magnitude and the rate of any un- 
wanted temperature variation. Control of 
the power to the heating elements was 
effected by saturable reactors. 

The time proportions and the fre- 
quency of a given specimen immersion 
cycle were controlled by means of an ad- 
justable repeating cycle timer. The speci- 
men cycling mechanism was arranged 
such that a cycle consisted of the follow- 
ing parts: 

1. Specimens travel from gaseous ex- 
posure to immersed position in the boron 
oxide. 

2.Specimens remain immersed for a 
preset percentage of the cycle time. 

3. Specimens travel from the immersed 
position to the position for gaseous ex- 
posure. 

4.Specimens remain removed from 
boron oxide until cycle repeats. 

The time required for the motion of 
the specimens is fixed and totals approxi- 
mately 15 seconds per cycle. The per- 
centage of each cycle for specimen im- 
mersion in the boron oxide can be varied 
from 0 to 100 percent. The total time 
required for each complete cycle is also 
adjustable, the present capabilities ex- 
tending from a minimum of ten minutes 
to a maximum of three hours. The en- 
tire system was designed for continuous, 
fully automatic operation with a mini- 
mum of attention or maintenance. 


An overall view of the complete test 
fixture and associated control panel is 
shown in Figure 2. 


Test Conditions 

The test procedures and conditions de- 
scribed herein were established primarily 
for the comparative evaluation of the ef- 
fects of boron oxide upon high tempera- 
ture alloys. The six major test variables 
were: 

1. Alloy composition 

2. Test temperature 





EFFECT OF MOLTEN BORON OXIDE ON SELECTED HIGH TEMPERATURE ALLOYS 


TABLE 1—Composition of Test Alloys 














3. Test atmosphere composition 
4. Test duration 
5. Cyclic rate during exposure 


6. Cyclic time division for specimen 
immersion and gaseous exposure. 


Seven alloy compositions representing 
four major classifications of modern high 
temperature alloys were chosen. Selection 
of alloys to be tested was based on end 
use applications, which consisted of both 
rotating and non-rotating, as well as 
stressed and unstressed high temperature 
equipment. Presently used high tempera- 
ture alloys can be classified according to 
their composition into four main classes. 
These are the iron-base, nickel-base, co- 
balt-base, and “mixed’’-base alloys, where 
the “mixed”-base alloys have in their 
base composition combinations of two or 
more of the major elements found in the 
iron, cobalt and nickel-base alloys. 

Type 310 stainless steel was the iron- 
base alloy selected for reporting here, al- 
though several other alloys from this 
group were tested with similar results. 
The cobalt-base alloys are represented by 
Haynes Stellite 25 in this paper. Nickel- 
base alloys are of two main groups: (1) 
the non-heat treatable alloys of which In- 
conel is included, and (2) the age hard- 
ening alloys containing small percentages 
of aluminum and titanium, such as Inco 
702, Nimonic 75, and Hasteloy R-235. 
These latter alloys are strengthened by 
the dispersion of the intermetallic com- 
pounds Nis (Al, Ti) in the lattice. 

Of those alloys tested only the results 
obtained with Hasteloy R-235, Inco 702, 
Nimonic 75, and Inconel will be reported 
herein, since they are representative of 
the different classes of nickel-base alloys. 
“Mixed”-base alloys were developed to 
enhance the properties obtained in the 
iron, nickel, and cobalt-base alloys. Multi- 
met N-155, containing iron, nickel, co- 
balt, and chromium in its base composi- 
tion, is an example of a “mixed”-base 
alloy. Multimet alloy, generally used in 
the solution treated condition, is not de- 
pendent upon aging treatment for its 
high temperature properties, although 
this alloy does exhibit mild precipitation 
hardening upon subjecting it to an aging 
treatment. ; 

All alloys tested, which are listed in 
Table 1 with their compositions, were 
used in the annealed condition. No ther- 
mal treatment was given to any alloy 
other than those associated with the en- 
vironmental exposure since extended 
heating at the various test temperatures 
could be expected to anneal, to varying 
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NOTE: Stellite 25, Inconel, and SS-310 alloys are nominal analyses; the remaining four alloys are certified analyses. 
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Figure 3—Test specimens after removal from typical 
corrosive exposure. 


degrees, most of the test materials used 
in this work. This might tend to obscure 
the corrosive action which was under 
study. 

The nominal specimen temperature 
range explored in this work was 1600 F 
to 2150 F. The temperature was con- 
trolled to +2 F during all tests; how- 
ever, due to the cycling action of the 
test specimens, temperature gradients 
within the test fixture increased the meas- 
ured temperature variation of the cyclic 
immersed specimens to approximately 
+6 F. The desired temperatures of ex- 
posure of a given alloy were defined as 
the work progressed and as the data per- 
taining to the resistance of the particular 
alloy to boron oxide corrosion was ob- 
tained. 

Two compositions of test atmosphere 
were utilized in this work; namely, air 
and helium. The majority of specimens 
were exposed in an air atmosphere. Cer- 
tain isolated points were obtained using 
the inert helium atmosphere in an effort 
to enhance the defining of corrosion 
mechanisms. The air was obtained from 
the surrounding atmosphere at ambient 
conditions and inducted in the exposure 
chamber by controlling the natural chim- 
ney effect. The helium used was a com- 
mercial grade with a stated analysis of 
99.8 percent He. A positive flow of he- 
lium was maintained during the partic- 
ular exposures employing this atmosphere. 

Because of the magnitude of the 
proposed experimentation, all variables 
previously listed were not explored. The 
test duration for a given exposure was 
fixed at 145 hours, the cyclic rate at 3 
cycles per hour and the division of cycle 
time was 50 percent of one cycle for 
specimen immersion and 50 percent for 
gaseous exposure. 
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Figure 4—Surface of typical Inco 702 specimens after 145 hours at 2036 F. 
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Figure 5—Stellite 25 specimens showing severe interface corrosion after 145 hours at 1957 F. 


The boron oxide used was obtained 
from the Pacific Coast Borax Company 
in the form of a 100 mesh powder. The 
stated typical analysis was: 


Anhydrous Boric Acid — 98.83 percent 
Water —  .75 percent 
Sodium .05 percent 
Silica .14 percent 
Alumina (AI,O,) .09 percent 

Iron Oxide (Fe,O,) .04 percent 


The boron oxide was contained in a 
mullite crucible for all tests. The mate- 
rial used was a mullite produced from 
selected grades of calcined Indian Kyan- 
ite. Selection of this crucible was predi- 
cated on a series of static tests wherein 
many commercially available crucibles 
were filled with pure molten boron oxide 


and tested for over 250 hours at 2000 F 
in an air atmosphere. Platinum, mullite 
(3A1,0,-2SiO,), and pure alumina ap- 
peared to be satisfactory in that order 
while stabilized zirconia, zircon, thoria, 
and magnesia crucibles were unsatisfac- 
tory. Magnesia crucibles were badly at- 
tacked and virtually disintegrated, the 
zircon and stabilized zirconia were also 
attacked, and the thoria crucibles cracked 
and failed because of thermal shock. 


Results and Discussion 


The results discussed herein consist 
largely of a brief description of the physi- 
cal appearance of representative test 
specimens after exposure to the boron 
oxide environments, the effects of these 
exposures upon the tensile properties of 
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Figure 6—Variation of tensile strength and percent elongation with exposure 
temperature for Inco 702 (150 hour air-B2O3 exposures). 





the test specimens, and the results of an 
examination of the microstructures of the 
exposed specimens. In addition, miscel- 
laneous observations regarding the effects 
of the boron oxide environment upon the 
exposed component parts of the high 
temperature test fixture are included. Ef- 
fects of alloy composition on boron oxide 
corrosion and postulated mechanisms of 
attack are discussed. 


Physical Appearance of Exposed 
Specimens 

The degradation of the test materials 
was usually apparent from visual obser- 
vations made immediately after removal 
of the test specimens from the exposure 
chamber. For particularly severe tests, 
some specimens failed to support their 
own weights after attack by the boron 
oxide and were not recovered intact. 
Severe corrosion of this type is shown 
in Figure 3 where the effects of the cor- 
rosive attack can be seen on the surface 
of the test specimens. This effect is par- 
tially masked by the coating of boron 
oxide remaining on the surfaces; how- 
ever, it is easily discernible under this 
clear coating. 

The surface conditions indicative of 
boron oxide attack varied in appearance 
with the degree of attack and with alloy 
composition. A brief description of the 
appearance of the surface of each alloy 
after moderate or severe boron oxide cor- 
rosion is included here. All exposures 
referenced are for 145 hours in an air- 
boron oxide environment at the given 
temperature. 


1. Inco 702 (2036 F). Formations of 
large amounts of what appears to be a 
metallic compound(s) on the surface of 
this material were observed. The surface 
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was very rough from an extreme pitting 
type of corrosion. Figure 4 depicts a typi- 
cal Inco 702 specimen showing these 
effects. 


2. Nimonic 75 (2036 F). The surface 
was bright and devoid of the usual scale. 
Slight non-uniform pitting was observed. 
No obvious dimensional changes were 
noticed. 


3. R-235 (2052 F). A general brighten- 
ing of the surface was observed. No 
pitting was visible and the specimens 
appeared to be in good condition. 


4. 310 Stainless Steel (2052 F). Mod- 
erate surface effects consisting of slight 
surface pitting and the formation of 
metallic compounds were observed. These 
compounds were of a dark blue color 
and formed mostly on the edges of the 
test specimen. 


5. N-155 (1957 F). A mottled, bright- 
ened surface with no visible pitting re- 
sulted from the exposure of this alloy. 
The surface conditions were not indica- 
tive of the severe reduction in original 
properties. 


6. Stellite 25 (1957 F). The surface of 
this alloy appeared to be relatively un- 
affected by the cyclic boron oxide ex- 
posure except at the interface where 
complete destruction of the material re- 
sulted. 


Although a quantitative analysis of the 
effects of corrosion at the interface of 
the test materials has not been accom- 
plished, some qualitative information re- 
garding these phenomena are reported 
here. It appears that alloys containing 
substantial amounts of cobalt are ex- 
tremely vulnerable to destructive corro- 
sion at the interface; in fact, the interface 
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Figure 7—Variation of tensile strength and percent elongation with exposure 
temperature for Nimonic 75 (150 hour air-B2O3 exposures). 
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corrosion of these alloys was usually 
much more severe than corrosion at a 
section which was periodically submerged 
during the cyclic exposure. As an ex- 
ample, Figure 5 shows a Stellite 25 test 
specimen which was severely attacked 
at the interface. For this specimen, the 
test area which was periodically sub- 
merged during the cyclic exposure lost 
approximately 16 percent of its tensile 
strength; however, it is apparent that the 
interface portion has lost practically all 
of its load carrying ability. 


Tensile Properties of Exposed Specimens 


It should be understood that tensile 
testing was not intended to replace the 
standard evaluation techniques utilizing 
examinations and analyses of the micro- 
structures of the corroded specimens. The 
primary purpose of the tensile tests was 
to provide a qualitative and comparative 
indication of the corrosion shortly after 
the completion of a given exposure period 
in order to aid in the planning of subse- 
quent exposure conditions. The use of 
tensile testing offers a direct approach to 
the evaluation of the reduction in the 
load carrying ability and ductility of the 
corroded material which will aid the de- 
signer for critical applications of these 
materials in a comparable corrosive en- 
vironment. Since the duration of the test 
exposures was approximately equal to 
end use application of the materials and 
since previous work had revealed the 
deep intergranular penetration and/or 
deep pitting attack could be anticipated 
for most of the test alloys, tensile testing 
could be expected to yield significant 
results relating to the degree of penetra- 
tion of the corrosive phenomena. 
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Figure 8—Variation of tensile strength and percent elongation with exposure 
temperature for R-235 (150 hour air-B2O; exposures). 


TABLE 2—Critical Temperatures of Alloys 
Based on Tensile Test Results 


Approximate Critical 
ALLOY 
1875 to 1950 F 
196C to 205C F 
1850 to 1950 F 
2000 to 2150 F 
1850 to 1950 F 
1900 to 1950 F 
1850 to 1900 F 


RIS cao a xno o's ita sera 

Nimonic 75.... 
MEPs 260 sas shew 

Inconel i eg 

Stainless Steel 310.. 

N-155 ‘ 

Stellite 25... 





Notes: Interface effects not included. Critical 
temperature is defined as the temperature range 
over which there is observed a drastic drop in tensile 
properties. 

Early in the program complete tensile 
test information was obtained by record- 
ing the load versus strain characteristics 
of each exposed test specimen. From 
these data, it was observed that the elas- 
tic properties of the corroded specimens 
(i.e., the yield point and the modulus of 
elasticity), did not change significantly 
unless almost complete destruction of the 
test material by boron oxide corrosion 
had taken place and it was also observed 
that the plastic properties of the material 
were much more sensitive to the dele- 
terious test environment. For these rea- 
sons, the reductions in the ultimate tensile 
strength and in the percentage elongation 
are reported upon herein as the primary 
effects upon the tensile properties of the 
test alloys. 

The tensile data, presented in Figures 
6 through 16, exceeded expectations with 
regard to the replication and reproduci- 
bility of the results. The majority of 
plotted points defining the curves represent 
average data from two or more individual 
specimens exposed simultaneously during 
a given test. Approximately 10 percent of 
these points were averaged from data 
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obtained from separate but identical test 
exposures. Except for exposure conditions 
resulting in extreme degradation of alloy 
strength (ultimate tensile strength less 
than 25 percent of original value), the 
average deviation in the ultimate tensile 
strengths of the corroded replicate speci- 
mens was +2.13 percent from the aver- 
age, whereas the maximum deviation 
from the average was 5.9 percent. For 
specimens almost completely destroyed 
by corrosion such as Inco 702 at 2057 F, 
larger deviations in the ultimate tensile 
strengths of identical specimens were 
noted. 

Graphs of these properties versus ex- 
posure temperature for all seven alloys 
reported upon in this work are shown 
in Figures 6 through 12. Calculations of 
the tensile strengths are based upon the 
original areas of the test specimens; 
therefore, an indicated reduction in ten- 
sile strength will include any reduction in 
cross-sectional area of the test specimen. 

The approximate temperature range 
where a given alloy is initially affected 
by the air-boron oxide environment has 
been determined from the tensile prop- 
erty data. This temperature range, where 
a drastic drop in tensile properties of the 
metal was observed, was defined as the 
“critical temperature.” Critical tempera- 
tures for those alloys tested are presented 
in Table 2. 

Four of the alloys were exposed to one 
or more helium-boron oxide environments 
in addition to the air-boron oxide ex- 
posures. The effects of these helium ex- 
posures upon the alloys are shown in 
Figures 13 through 16. Curves represent 
the variation of alloy strength as a per- 
centage of the strength of control speci- 
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Figure 9—Variation of tensile strength and percent elongation with exposure 
temperature for Inconel (150 hour air-B2O; exposures). 


mens exposed to the gaseous environment 
alone and the helium-boron oxide ex- 
posures are represented by the plotted 
points. It appears that either helium or 
air exposures yield approximately the 
same results for nickel-base alloys as in- 
dicated by Inco 702 and Nimonic 75, 
whereas the helium atmosphere appar- 
ently inhibits boron oxide corrosion to 
some degree for N-155 and Stellite 25 
materials. 


Microstructure Studies 


The most effective means of defining 
the corrosion of metals is through an 
analysis of the effects upon the micro- 
structure of the material. From the point 
of view of attack, corrosion can be di- 
vided into three main classes, namely: 


1. General surface corrosion 
2. Pitting corrosion 


3. Intergranular penetration or 
corrosion 


Both pitting and intergranular penetra- 
tion can in some cases be preceded by 
the formation of a new phase. 

For accurate qualitative and quantita- 
tive evaluation of the latter two types, 
microstructure examination is the best 
known means of analysis. 

Selected photomicrographs of each al- 
loy showing the typical microstructures 
of unexposed and corroded specimens are 
presented herein. Also included for com- 
parison purposes are photomicrographs 
of each alloy when exposed to the gase- 
ous environment alone during the same 
test exposures as that of the corroded 
material. 

Inco 702 and Nimonic 75 alloys are 
shown in Figure 17. Inco 702 exhibits all 
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three classes of corrosion. Heavy surface 
corrosion, moderate pitting and deep in- 
tergranular penetration are all in evi- 
dence. Nimonic 75, however, shows no 
intergranular penetration. Corrosive re- 
sults are primarily heavy surface pitting 
and general surface scaling. 

R-235 alloy, Figure 18, succumbs 
largely to pitting type of corrosion. This 
type attack appears in both the air ex- 
posed and cyclic immersed specimen; 
however, the depth of the pits is much 
greater in those specimens cycled in the 
boron oxide. Photomicrographs from ex- 
posure of this alloy in boron oxide at 
2052 F (not shown) depict complete 
destruction by pitting attack. In addition 
to the pitting, general surface corrosion 
and a subsurface phase change appear 
to be present. 

Inconel also shown in Figure 18 shows 
general surface scaling and moderate pit- 
ting. It should be noted that the speci- 
men pictured here was exposed at tem- 
peratures higher than any other alloy, 
namely 2163 F. Specimens exposed at 
1940 F showed no attack. 

Photomicrographs of stainless steel 310 
and N-155 are shown in Figure 19. A 
second phase formation and subsequent 
destruction of the grain boundaries char- 
acterize the corrosion of SS-310. Slight 
surface corrosion and pitting can be seen 
on the specimen exposed to air alone; 
however, these effects do not appear on 
the cyclic immersed specimen. N-155 
suffers very deep intergranular penetra- 
tion resulting in complete destruction of 
the grain boundaries. It also appears as 
if a new phase may precede this pene- 
tration as observed in the grain bounda- 
ries at the base of the penetration. 
the effects 
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Figure 10—Variation of tensile strength and percent elongation with exposure 
temperature for 310 stainless steel (150 hour air-B2O; exposures). 
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air-boron oxide and helium-boron oxide 
environments upon Stellite 25 can be 
seen in Figure 20. Whereas both speci- 
mens exposed entirely to the gaseous en- 
vironments exhibit surface scaling and 
some pitting the air-boron oxide exposed 
material suffered deep grain boundary 
penetration. The specimen exposed to 
the helium-boron oxide environment is 
comparatively unaffected, exhibiting ap- 
proximately the same degree of attack 
as the material exposed to helium alone. 


Miscellaneous Results 


The effects of the boron oxide environ- 
ments upon certain components of the 
test fixture provided some _ interesting 
secondary data which, although not part 
of the formal test program, definitely 
added to the overall knowledge gained 
from this work. 

Chromel-alumel thermocouples fabri- 
cated from standard, bare, No. 14, ther- 
mocouple wires were used within the 
exposure chamber to measure tempera- 
tures in the vicinity of the test speci- 
mens. These thermocouples were not in- 
tended to be permanent installations and, 
as deterioration was expected, the wires 
were arranged so that periodic replace- 
ment could be accomplished. Some of 
these thermocouples were positioned so 
as to undergo the cyclic immersion proc- 
ess with the test specimens. Others re- 
mained in the gaseous atmosphere and 
did not contact the molten boron oxide. 
After approximately i000 hours of test 
exposures, the first set of thermocouple 
wires was removed and examined. This 
set had undergone exposure to tempera- 
tures in the range of 1600 to 2050 F. 


The examination of the thermocouple 
wires revealed the usual surface corrosion 


Figure 11—Variation of tensile strength and percent elongation with exposure 
temperature for N-155 (150 hour air-B2O3 exposures). 












EXPOSURE TEMPERATURE (°F) 






TENSILE STRENOTH (109 PSI) 











EXPOSURE TEMPERATURE (°F) 


Figure 12—Variation of tensile strength and percent 
elongation with exposure temperature for Stellite 
25 (150 hour air-B20; exposures). 


TABLE 3—Solubilities of Oxides in Boron 
Oxide at 2200 F”® 


Solubility of Oxide 
OXIDE in Weight Percent 
MERON acetone: peal 0.63 
p | SRE SER mene ae eae 1.58 
Ps 65080008 ccab's es 1.5 
Ree acdtchmewnete ‘ar 1.69 
DRMES bn: 85/5 :3.8 tee ca kal oa 1.64 
GPEC A ek vcuknee eae 1.68 
RO once scat case sua 1.04 
COM eds. ib oa Ra eae see 1.72 
pi RAP re er rey ec 4.81 
EIS PE 25.0 
WM die nd nian wane cee 71.4 
MoOs3 ..see+.++.+-| Soluble in all proportions 
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Figure 13—Effects of 145 hour boron oxide exposures upon the tensile 


strength of Inco 702. 
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Figure 15—Effects of 145 hour boron oxide exposures upon the tensile strength 


of N-155. 


and pitting on those wires exposed to the 
gas environment, whereas the wires 
which had been periodically immersed 
in the boron oxide, were relatively unaf- 
fected. Representative photomicrographs 
of these thermocouple wires are shown in 
Figure 21. It can be seen that the chro- 
mel wire apparently was not affected by 
the boron oxide environment and _ that 
the alumel wire suffered largely from 
moderate pitting type of corrosion. 

The stated analyses of chromel and 
alumel thermocouple wires are: 
Chromel: 90 percent Ni, 10 percent Cr 
Alumel: 94 percent Ni, 2 percent Al, 

3 percent Mn, 1| percent Si. 

It is apparent that the constituents in 
alumel wire, probably the aluminum, are 
the cause of its lowered resistance to 
boron oxide attack. 

A second group of thermocouple wires 
with a history of 580 hours of cyclic 
boron oxide immersion were tested for 
their thermoelectric response at tempera- 
tures in the vicinity of 1050 F. These 
tests were conducted using a_ eutectic 
alloy with a fairly well defined melting 
point. In addition, thermocouples were 
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Figure 14—Effects of 145 hour boron oxide exposures upon the tensile strength 


of Nimonic 75. 























fabricated from unexposed wires and 
included in the EMF tests for compari- 
son purposes. The largest deviation ob- 
served for thermocouples with a previous 
history of cyclic boron oxide exposure 
was 2.0 F. 

The Inconel tube, used to support the 
specimen holders within the test fixture, 
has been subjected to approximately 3800 
hours of test exposures with temperatures 
from 1600 to 2150 F. This tube does not 
contact the liquid boron oxide, but as- 
sumes a position approximately two 
inches above the surface of the molten 
oxide during the exposure periods. As 
the tube was still in service, a microstruc- 
ture examination of the material has not 
been possible; however, except for mod- 
erate scaling, the Inconel appeared to 
be in good condition. Small amounts of 
what appeared to be condensed boron 
oxide have been found on the surface 
of this tube, indicating the presence of 
a vapor phase; however, no detrimental 
effects from this vapor were observed. 

The mullite crucibles, previously de- 
scribed in this paper, also appear to resist 
the effects of boron oxide. Spectrographic 
analyses of the crucible contents after 














Figure 16—Effects of 145 hour boron oxide exposures upon the tensile strength 


of Stellite 25. 


each test indicated that very little, if 
any, crucible material was leached out by 
the boron oxide. In addition, penetration 
of the oxide into the crucible walls was 
not excessive. Normally, a new crucible 
is used for each test, because of the time 
required to clean out one previously 
filled with boron oxide; therefore, each 
crucible exposure was approximately 160 
hours, counting the time for filling and 
soaking procedures. 

Spectrographic analyses of the scale 
remaining on the surfaces of the exposed 
test specimens were accomplished during 
the initial phase of the test program; 
however, the results obtained from these 
analyses were not conclusive or informa- 
tive and therefore are omitted from this 
paper. 


Effect of Alloy Composition 

It was apparent from previous prelim- 
inary investigations that alloy composition 
would greatly affect the corrosion re- 
sistance of materials immersed in air- 
molten boron oxide environments at high 
temperature. Almost all of the high tem- 
perature alloys form protective oxide 
scales during service which could react 


February, 


TABLE 4: 


NiO data. 


with m 
boron « 
been c 
cases, t 
initial « 
onclusi 


Data 
n molt 
as obta 
Table : 
onstitu 
marked 
energy 
piled a 
ous Oxi 
data a 








200 


igth 


—L 








February, 1959 






Inco 702, unexposed 





Nimonic 75, 2036 F 
Air exposed only 





TABLE 4—Free Energy of Formation of 
Some Oxides” 

















Free Energy 
of Formation * 
(KCal/Mole) 
Compound State | at about 2000 F 
AIM hs eres Ss —295.4 
(alpha) 
FIORE oouseu te enes : —274.6 
(beta) 
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B2Os.... vedas E 
CuGs, «.. spate wae Ss 
TiO2.... d S 
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rae values were calculated from AF = AH— 


»* This value was obtained using Hr for NiO to- 
— with FeO tables in the absence of suitable 
Ni ata. 


with molten boron oxide. Reactions of 
boron oxide with other oxides has not 
been completely investigated. In some 
ases, the reaction rate is slow, causing 
nitial observations to lead to erroneous 
onclusions. 


Data on the solubility of various oxides 
n molten boron oxide at about 2200 F 
is obtained by M. Foex!® are shown in 
lable 3. It is apparent that many alloy 
onstituents, present as the oxides, have 
marked solubilities in boron oxide. Free 
energy of formation data has been com- 
piled at Reaction Motors, Inc.1* on vari- 
ous oxides including boron oxide. These 
data are shown in Table 4. Note the 








Nimonic 75, unexposed 


Inco 702, 2036 F 
Cyclic air-B203 exposed 


Figure 17—Microstructures of Inco 702 and Nimonic 75 after 145 hour exposures. 150X, unetched. 


TABLE 5—Eutectic Temperatures in Several 
Metal-Boron Systems 


Eutectic 
Temperature, 

SYSTEM Degrees F. 
GRUNER a sd ot-cd paws ooo meee 1049 
GE nd oo tons he wee ph tabercee 1900 
) aoe ing Gate y bee 2084 
Ni2B-NisBz........ es had 2057 
OREO . 5/c avn. d Saas calving 1814 
WOR OEE a o's on. 0 ot o:ae ei aidce Saris 2145 
UNE 6 has edence ab nwo: waar 2600 
Mo-B (i Percent B)....... meal 3630 
Mo-B (14 Percent B)........... 3740 


position of boron oxide in relation to the 
oxides of titanium and aluminum. It is 
apparent that aluminum in oxidizing to 
aluminum oxide could reduce boron 
oxide to elemental boron. Titanium might 
react in the same manner, but since these 
data are only indicative of possible reac- 
tions, other metals may very well be 
involved. 

If elemental boron were formed by the 
reaction of certain alloy constituents with 
boron oxide, (e.g., Ti, Al), the presence 
of this boron could have an extremely 
deleterious action on the alloy. Boron 
tends to segregate in the grain boundaries 
forming brittle intermetallics, and low 
melting metal-boron eutectics. Eutectic 
temperatures in several metal-boron sys- 
tems are shown in Table 5. In many 
cases where boron has been purposely 
added to alloys, it has been found that 
these alloys suffer severe destructive cor- 
rosion at high temperature.!7 


Two nickel-base alloys, Inco 702 and 
Nimonic 75, which are similar in alloy 
composition, were tested to determine 
their resistance to molten boron oxide. 
Note the temperature levels where these 
two alloys are initially affected by boron 
oxide as shown in Figures 6 and 7, re- 
spectively. Nimonic 75 can withstand an 
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Inco 702, 2036 F 
Air exposed only 


Nimonic 75, 2036 F 
Cyclic air-B2O3 exposed 


additional -100 F before attack becomes 
apparent. Inco 702 has about eighteen 
times more aluminum and twice as much 
titanium as Nimonic 75. Inconel, a nickel- 
base alloy, similar to Nimonic 75 in 
chromium and nickel content but con- 
taining no concentrations of aluminum 
and titanium, has exceptionally good re- 
sistance to air-molten boron oxide en- 
vironments even above 2000 F. It is the 
most resistant alloy found to date. Other 
high temperature alloys containing rela- 
tively high percentages of aluminum and 
aluminum clad alloys (Aldipped) have 
shown extremely poor resistance to molten 
boron oxide.t® Alumel thermocouple wire 
contains 94 percent nickel, 2 percent alu- 
minum, 3 percent manganese, and about 
1 percent silicon. Note in Figure 21 the 
amount of corrosion which occurred in 
an Alumel wire which was alternately 
immersed in air and molten boron oxide 
for 1000 hours at temperatures from 1600 
to 2000 F particularly in comparison with 
a chromel thermocouple wire containing 
only nickel and chromium as shown in 
the same figure. 

The effects of the carbon, manganese, 
and silicon content in those alloys tested 
in boron oxide have not been ascertained; 
however, it is suspected that carbon might 
possibly reduce the boron oxide. The 
effect of molybdenum in imparting cor- 
rosion resistance to an alloy immersed in 
boron oxide is also not readily apparent; 
however, since tests at the Materials Lab- 
oratory, WADC, have shown that pure 
molybdenum in an inert atmosphere is 
not affected by molten boron oxide at a 
temperature of about 3500 F for several 
hours,18 it might possibly be a helpful 
constituent. In these same tests, tungsten 
was found to resist attack by molten 
boron oxide while tantalum was cata- 


strophically attacked at temperatures 
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R-235, unexposed 


Inconel, 2136 F 
Air exposed only 


Inconel, unexposed 


R-235, 1957 F 
Cyclic air-B20; exposed 


R-235, 1957 F 
Air exposed only 


8 
S . 


Inconel, 2163 F 
Cyclic air-B2O; exposed 


Figure 18—Microstructures of R-235 and Inconel after 145 hour exposures. 150 X, unetched. 


$S-310, unexposed 


N-155, 1957 F 
Air exposed only 


N-155, unexposed 


SS-310, 2052 F 
Cyclic air-B2O; exposed 


$S-310, 2052 F 
Air exposed only 


N-155, 1957 F 
Cyclic air-B2O; exposed 


Figure 19—Microstructures of 310 stainless steel and N-155 after 145 hour exposures. 150 X, unetched. 


above 2500 F. Pure nickel is not affected 
by molten boron oxide at 2000 F for 150 
hours and chromel containing 90 percent 
nickel and 10 percent chromium was also 
not affected in 1000 hours as shown in 
Figure 21. In fact, exposure to air was 
more corrosive to chromel than was ex- 
posure to molten boron oxide. 


Multimet N-155, a mixed-base alloy, 
was severely attacked intergranularly at 


1957 F as shown in Figures 11 and 19. 


94t 


This attack appears to be related to the 
large amounts of iron and/or cobalt 
present in the alloy. However, Type 310 
stainless steel, an iron-base alloy, also 
severely corroded at about the same tem- 
perature as shown in Figures 10 and 19. 
This alloy has no cobalt so it would ap- 
pear that iron in large proportions re- 
duces the resistance of an alloy to molten 


boron oxide. A cobalt-base alloy, Haynes- 
Stellite 25, which is low in iron but high 


in cobalt (51 percent) and tungsten (15 
percent) as shown in Table 1, also suf- 
fered severe attack, particularly at the 
metal-air-boron oxide interface, as shown 
in Figure 5. It would appear that high 
concentrations of cobalt also decrease the 
resistance of an alloy to molten boron 
oxide, 


Postulated Mechanisms of Attack 


Earlier research efforts undertaken by 
a number of investigators’:8.9 showed 
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Unexposed 


1957 F 
Cyclic air-B2O; exposed 


1957 F 
Air exposed only 


1962 F 
Cyclic helium-B20; exposed 


igure 20—Microstructures of Steliite 25 after 145 a exposures to air and helium atmospheres 150 X 
unetched. 


that alloys in the presence of air were 
ittacked by boron oxide and that attack 
‘ould consist either of intergranular cor- 
rosion, surface oxidation, or pitting (both 
at the surface and subsurface). The for- 
mation of new alloy phases was also ob- 
served. Excessive attack was often noted 
at the alloy-air-boron oxide interface 
when this situation was present on cer- 
tain alloys particularly those containing 
cobalt and iron. The fluxing and solution 
of metal oxides by molten boron oxide 
was proposed as a possible mechanism of 
attack based on the known ability of 
boron oxide to act as a metal oxide flux. 
Intergranular attack by diffusion and/or 
preferential leaching of certain alloy con- 
stituents was also suggested as a possible 
mechanism of attack.1%:!14 The work re- 
ported herein appears to substantiate 
these earlier hypotheses. 

As described earlier it appears that 
certain alloy constituents, particularly 
aluminum and titanium, might be dele- 
terious and actively reduce the corrosion 
resistance of the alloy to molten boron 
oxide. Aluminum and/or titanium, which 
are added to nickel-base alloys as age- 
hardening constituents, appear to diffuse 
to the alloy surface where reactions occur 
with the molten boron oxide or with other 
oxides composing the alloy’s protective 
film. These reactions appear to bring 
about the reduction of boron oxide to 
free boron or the metal oxides to free 
metal which then diffuse into the alloy 
ind form complex nickel, chromium, or 
other metal-boron compounds and, pos- 
sibly, low melting eutectics. Observed 
surface and subsurface pitting might be 
due to liquefaction of low melting com- 
pounds, oxidation, preferential leaching, 
or diffusion of an alloy constituent. The 
formation of even a small amount of 


liquid phase would be disastrous to the 
alloy.19- 


Further evidence substantiating this 


hypothesis is available from a series of 
investigations accomplished by Dr. John 
F. Radovich of Purdue University.?% 21 
Investigations were carried out on Udi- 
met 500 Alloy, a high temperature super- 
alloy developed primarily for gas turbine 
components. This material is a mixed- 
base alloy containing nickel, chromium, 
cobalt, and small percentages of alu- 
minum, titanium, and iron. It was found 
that the oxide scale formed on this alloy 
was composed of an external layer of 
spinel oxide. Inside the spinel phase was 
a rich chromic oxide (Cr,O,) phase and 
inside this phase was found copious 
amounts of alpha alumina (AI,O,). 
Careful study of the metal-alpha alumina 
phase revealed a concentration of titanium 
nitride (TiN). It was believed that the 
combination of chromic oxide and alpha 
alumina imparted high temperature re- 
sistance. 

The enrichment of the metal-oxide 
interface with a titanium rich phase indi- 
cated that a large amount of the titanium 
addition was not being used effectively 
in the metal grains. Thus, it appears that 
aluminum and titanium do diffuse from 
the bulk of the alloy (at least in Udimet 
500) to the alloy surface. If this occurs, 
then the reduction of boron oxide to 
boron is also possible by reaction with 
aluminum and titanium. As shown earlier 
such reactions appear feasible from an 
examination of thermodynamic data. 


Summary and Conclusions 
Reported herein is a test program 
wherein a selected group of unstressed 
high temperature alloys were subjected 
to a series of cyclic exposures to molten 
boron oxide in a special test fixture. Al- 
loys were selected so as to represent four 


main classes of modern high temperature 
superalloys. These static exposures were 
for 145 hours each at temperatures rang- 
ing from 1600 to 2150 F. 


1962 F 
Helium exposed only 


The effects of these test exposures upon 
the tensile properties and the metallurgi- 
cal structure of the materials have been 
reported. The detrimental effects of boron 
oxide exposure upon these selected alloys 
were related to alloy composition. Sev- 
eral corrosion mechanisms were postu- 
lated. 

The following conclusions can be 
summarized from the foregoing results 
and discussion: 

1. Molten boron oxide can seriously 
attack unstressed superalloys above 1800 
F within 150 hours; corrosion is espe- 
cially severe on iron and _ cobalt-base 
alloys and those alloys containing ap- 
preciable quantities of aluminum and/or 
titanium. Nickel, molybdenum, and prob- 
ably chromium are unaffected by molten 
boron oxide which indicates that these 
materials might be useful as protective 
barrier layers. 

2. Two mechanical properties which 
sensitively indicate boron oxide attack on 
an alloy are ultimate tensile strength and 
the percent elongation. Yield strength is 
not particularly affected initially. The 
plastic properties of the alloy are affected 
initially rather than the elastic properties. 

3. Intergranular attack, surface oxida- 
tion and pitting attack (both surface and 
subsurface) have been observed when 
molten boron oxide comes in contact 
with high temperature alloys in an air 
atmosphere. The formation of new alloy 
phases also has been encountered. 

4. Three possible mechanisms of boron 
oxide attack can be postulated which are: 
(a) Excessive oxidation which promotes 
interface attack at the boron oxide-air- 
metal interface probably by fluxing and 
solution of metal oxides, (b) Intergranu- 
lar attack by diffusion and/or preferentia! 
leaching of certain alloy constituents, and 
(c) Reduction of molten boron oxide by 
certain alloy constituents, including alu- 
minum and titanium, thereby forming 
elemental boron which diffuses into the 
alloy forming new phases of low oxida- 
tion resistance, or low melting eutectics. 

5. To date static tests have shown that 
unstressed high temperature superalloys 
are not seriously affected by boron oxide- 
air environments at 1800 F for 150 hour 
periods. Inconel shows excellent resist- 
ance up to about 2000 F in unstressed 
static tests. 
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Figure 21—Microstructures of standard chromel and alumel thermocouple wires after approximately 1000 hours exposure at temperatures from 1600 F to 2050 F. 
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Introduction 


OLECULARLY DEHYDRATED 

phosphates, commonly called poly- 
ihosphates, have been used for many 
ears to control both corrosion and scale 
leposition in open recirculating cooling 
ystems. These materials are used at low 
osages (generally less than 50 ppm as 
'‘O,) within specified pH ranges and 
nd their major application in cooling 
ower systems. 

A major advance in the use of poly- 
»hosphates for the inhibition of corrosion 
in cooling tower systems came with the 
ievelopment of a “synergized” polyphos- 
ihate treatment. This “synergized” treat- 
nent involved the addition of a small 
umount of ferrocyanide to a carefully 
chosen polyphosphate combination and 
resulted in a marked lowering in corro- 
sion rates as well as in the phosphate 
treatment level. The benefit obtained was 
thus two-fold; on the one hand, there 
was a substantial increase in protection 
against corrosion and, on the other hand, 
lowering the phosphate level resulted in 
minimizing possible deposition of phos- 
phate sludge due to polyphosphate re- 
version and poor pH control. 

It has now been found that the addi- 
tion of certain metallic cations in very 
small quantities to synergized polyphos- 
phate treatments will further increase the 
protection against corrosion. It is the 
purpose of this paper to explore this new 
approach and to prove its validity by the 
presentation of both laboratory data and 
field operating results. 


Laboratory Experimental Procedures 


Two basic laboratory testing techniques 
were used. One was a simple screening 
test which was first described by Ryznar 
and Green? and scored according to the 
procedure outlined by Darrin.* This test 
procedure consisted essentially of rotat- 
ing a solid metal cylinder at constant 
speed for 24 hours in a water containing 
the inhibitor to be tested and then re- 
evaluating the specimen visually. Its 
main purpose in the work reported here 
was to furnish a rapid method of deter- 
mining significant differences in the be- 
havior of corrosion inhibitors. 


Rotating Rod Test 


The test specimens used were polished 
nild steel rods (SAE 1010) %4 inch in 
diameter and 3 inches long. Five hundred 
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ml of the test water was used. The treat- 
ment was added (generally from a stock 
solution) and the pH adjusted to 7.0 
with H,SO, or NaOH. The test water 
was prepared to simulate a typical cool- 
ing water. This synthetic water had the 
following composition: 


Total hardness (as CaCO, ) 400 ppm 
Calcium hardness (asCaCO,) 250 ppm 
Magnesium hardness (as CaCO, ) 150 ppm 


Total alkalinity (as CaCO, ) 5 ppm 
Sulfate (as Na,SO,) 1400 ppm 
Chloride (as NaCl) 500 ppm 


The test rod was immersed and ro- 
tated at 1750 rpm (corresponding to a 
peripheral velocity at the surface of the 
specimen of 1.9 feet per second) in the 
test solution for 24 hours. At the end of 
this time the rod was removed from the 
water and air dried. The rod was then 
examined and scored. The scoring was 
based on such factors as discoloration, 
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Abstract 


The addition of certain metallic cations in 
very small quantities to synergized poly- 
phosphate treatments in cooling tower sys- 
tems will increase corrosion protection. This 
new approach is considered in detail with 
accompanying laboratory and field data. 
Data given include a comparison of corro- 
sion inhibition by the polyphosphate and 
synergized inhibitors, effect of Zn, Cd, Cu 
and Sb ions on corrosion inhibition by 
synergized polyphosphates, and effect of 
metal dosage level. It was found that over- 
dosing of the metal in some cases may 
remove any beneficial effects and may ac- 
tually result in harm in some cases. 

The theoretical reasons for the effect of 
metal cations have yet to be established. It 
is likely, however, that cathodic inhibitors 
such as zinc may help prevent the forma- 
tion of local cells at points on the metal 
surfaces where potential differences rr 


general and local corrosion and roughen- 
ing of the specimen as well as the gen- 
eral appearance, precipitate formation 
and cloudiness of the liquid. Results 
were judged to be semi-quantitative in 
view of the visual nature of the test. 
The test was run at room temperature 
(about 75 F). 


Coupon Test 

The second laboratory testing proce- 
dure was quantitative in nature and in- 
volved measurement of corrosion rates 
of metallic coupons. These were sub- 
jected to certain specific sets of test con- 
ditions designed so as to approximate 
those found in field operation which 
contribute to the corrosion. While it was 
obviously necessary to make some ad- 
justments for small scale laboratory test- 
ing, a strong effort was made to incor- 
porate those variables which are the 
major factors in causing corrosion in 
heat exchangers associated with cooling 
tower systems. The principal corrosive 
factors operating on the coupons were: 


High dissolved oxygen level 

High chlorides, sulfates and total 
dissolved solids 

Low alkalinity, low pH (6-6.5) 


This test combined the advantages of 
both the “batch” type test and the “once 
through” test and was essentially an 
intermittent, once through test. With this 
system, conditions were maintained con- 
stant throughout the test while a rela- 
tively small volume of water was used. 


The equipment is shown in Figure 1. 
Each unit was complete and independent 
of the others. The apparatus consisted 
of two connected five gallon bottles that 
formed the reservoirs for the test water. 
The water flowed from the reservoir by 
gravity to a float valve assembly that 
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FROM RESERVOIR 


CONSTANT LEVEL 
FLOAT VALVE 


SOLENOID 


POLYPHOSPHATE 


CORROSION RATE (MPY) 


DAYS 


Figure 2—Comparative effectiveness of polyphos- 
phates and orthophosphates as corrosion inhibitors 
at 40 ppm as PO,. 


controlled the head level. From there 
the water passed through a solenoid 
valve that was activated by an electrical 
timer. The timer opened the valve every 
eighteen minutes to allow 40 ml of water 
to flow into the test vessel that was par- 
tially immersed in a constant tempera- 
ture oil bath at 150 F. The rate of flow 
was about 3.2 liters per day, correspond- 
ing to a 1.3 fold replacement of the 
water daily. The water left the test 
vessel through an overflow tube. The 
standard water used in this test had the 
same composition as the one used in the 
“rotating rod test.” Variations covering 
a range of typical cooling waters were 
checked with results similar to those de- 
scribed here. 

The test specimens were made of No. 
20 gauge SAE 1010 mild steel, measuring 
| inch by 2 inches. They were suspended 
in the test vessel from a 3/16 inch hole 
drilled 4 inch from the short edge. The 
panels were prepared by sandblasting 
with “flint shot” sand. After sandblasting 
they were cleaned first in toluene and 
then acetone, and weighed and _ placed 
in the test vessel. They were then sus- 
pended from glass hooks in the test 
vessel. After the test, they were removed 
and then cleaned by a 30 second immer- 
sion in muriatic acid inhibited with 
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Figure 3—A comparison of rotating rod corrosion 

tests for polyphosphate and synergized polyphosphate 

at 30 and 40 ppm (as PO;) levels. A polyphosphate 
and B synergized polyphosphate. 


30 30 


TABLE 1—Comparison of Synergized Poly- 
phosphate With Polyphosphate Alone in 
Rotating Rod Corrosion Test 





Ferro- Synergized 
cyanide | Poly- Poly- 
phosphate | phosphate 

Score Score 


PO, 


Level | Level 


ppm ppm 


20 f 83 83 


30 “ 88 92 
90 96 


formaldehyde. They were then removed 
from the acid and neutralized in a soda 
ash solution. The panels were rinsed in 
water, dipped in acetone and air dried. 
Test panels were stored in a_ heated 
cabinet at 105 F before weighing. 

The test vessel was a chemical glass 
jar 6 inches in diameter and 8 inches 
tall, with an overflow tube at a point 
two inches from the top. The vessel was 
covered by a stainless steel lid that had a 
hole in the center to accommodate the 
stirrer, and holes around the edge for 
mounting the glass hook holders. The 
stirrer had a | inch by 2 inch paddle and 
rotated at 175 rpm. There were also 
holes in the lid to admit the tube from 
the reservoirs, and an aerator. The tests 
were aerated continuously. 

These tests can be run for any length 
of time desired. Six coupons can be 
mounted in each test vessel. One is re- 
moved periodically to determine if the 
corrosion rates have leveled off. During 
the first few days of a test run the 
corrosion rates are relatively high and 
tend to be less reproducible, and for this 
reason it is necessary to run the test from 
7 to 15 days. The corrosion rates gen- 
erally level off in between three and 
seven days. The initial corrosion rate for 
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Figure 4—A comparison of corrosion inhibition by 
the polyphosphate and synergized inhibitors in the 
coupon test. 


TABLE 2—Effect of Metal Cations on 
Corrosion Inhibition by a Synergized 
Polyphosphate 








Metal* 


| Score | Metal 
coef) 
Cett++ Sr++ 
Crt Ter 


, ~ Mnt+ Zrtt+ 
Fet++ 


Cdtt+ 
Cutt 


Pb* + 
Sb 
Bett 
Al*+++ 











* The metals were added as chlorides or sulfates 
to give 2 ppm of the metal ion. 


the system with no inhibitor present is 
about 80 mpy. After an exposure of 15 
days, the rate will reach equilibrium at 
about 50 mpy. 


Laboratory Results and Discussion 


Polyphosphates 

Polyphosphates are used as corrosion 
inhibitors in cooling water systems in 
preference to orthophosphates because of: 

(a) Superior corrosion inhibition. 

(b) Stabilization characteristics which 
tend to minimize deposition of calcium 
carbonate scale. 

(c) A lesser tendency toward the dep- 
osition of calcium phosphate sludge. 
Polyphosphates undergo reversion with 
time, however, resulting in the formation 
of orthophosphate. Detailed studies of 
reversion characteristics have been pub- 
lished by Green and others.t The ques- 
tion of the relative effectiveness of ortho- 
phosphate as a corrosion inhibitor in 
comparison with polyphosphates _there- 
fore becomes a pertinent one. 


A series of coupon tests were set up 
comparing the effectiveness of an ortho- 
phosphate similar to that which might 
occur on reversion with that of a glassy 
sodium polyphosphate. Tests were car- 
ried out at a PO, level of 40 ppm in 
each case at pH values of 6 to 6.5. Cor- 
rosion rates obtained here are shown in 
Figure 2 and level off at about 3-4 mpy 
for the polyphosphate, representing a 
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Figure 5—Effect of metal ions (2 ppm) on corrosion inhibition by synergized polyphosphates (25 ppm as POu,, 
6.25 ppm ferrocyanide). 


considerable improvement over the 7-8 
mpy for the orthophosphate. 


“Synergized” Polyphosphates 

The use of “synergized” polyphos- 
phates results in a further reduction in 
corrosion rates over polyphosphates alone 
in cooling water systems where treatment 
control is properly maintained. While 
the complex ferrocyanide ion has little 
or no corrosion inhibiting properties of 
its own, the addition of a small amount 
of this material to a polyphosphate mix- 
ture results in a further decrease in cor- 
rosion rates. Moreover the ferrocyanide 
presents no handling problems or any 
with regard to waste disposal, being 
harmless at normal use concentrations. 
Ferricyanide aids polyphosphates but not 
to the same extent as ferrocyanide. 

Table 1 shows how the corrosion in- 
hibition exhibited by a “synergized” poly- 
phosphate treatment in the rotating rod 
test is superior to that of a polyphos- 
phate mixture identical with that in the 
“synergized” formulation. A much greater 
degree of protection is obtained with the 
ferrocyanide-polyphosphate mixture. The 
difference between these two treatments 
is even more strikingly demonstrated in 
Figure 3 which shows the rods for each 
treatment at the 30 and 40 ppm (as PO,) 
dosage levels at a pH of 7.0. 

A more quantitative comparison be- 
tween these two treatments can be seen 
in Figure 4 where results in the coupon 
test are compared for the two treatments. 
ach was tested at a PO, level of 40 ppm 
t a pH of 6.0 to 6.5 and, in the case of 
the “synergized” mixture, 10 ppm of 
odium ferrocyanide was added. 


Vetal Cations 
Addition of a small dosage (2 ppm) 
f a number of metal cations to a “syn- 


TABLE 3—Effect of Metal Dosage Level 
When Added to a “Synergized” Polyphos- 
phate (40 ppm PO,, 10 ppm Ferrocyanide) 








1 


Dosage 


(ppm) Score 


92 
95 
92 





ergized” polyphosphate will appreciably 
reduce corrosion rates. Certain metal 
cations will have a deleterious effect. A 
series of rotating rod tests were run 
where 2 ppm of various metal cations 
were added to 25 ppm (as PO,) of a 
synergized polyphosphate. Results are 
shown in Table 2. It should be remem- 
bered that the test is only semi-quantita- 
tive in nature and that, therefore, a 
difference of one unit in the score may 
not be significant. It can be seen that 
cobalt, cerium, chromium, manganese, 
cadmium, zinc, lead, tin and nickel im- 
prove the protection against corrosion, 
whereas uranium, strontium, thallium, 
zirconium, iron, antimony, beryllium, 
copper and aluminum aggravate corro- 
sion. The latter two show an especially 
severe degree of attack. Figure 5 com- 
pares rods resulting from tests with two 
of the metals which give protection (zinc 
and cadmium) with two which aggravate 
attack (copper and antimony). 
Overdosing of the metal in some cases 
may remove any beneficial effect and 
may actually result in harm in some 
cases. Table 3 shows the effect of vary- 
ing metal dosages in the rotating rod 


DEVELOPMENTS IN COOLING TOWER SYSTEM TREATMENTS 
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CORROSION RATE (MPY) 


DAYS 


Figure 6—Effect on corrosion inhibition of adding 
2 ppm of Zn or Cd to a synergized polyphosphate 
(30 ppm PO,, 7.5 ppm ferrocyanide). 








CORROSION RATE (MPY) 


Figure 7—Corrosion of admiralty metal. Top curve 

is for blank run, middle curve for 30 ppm (as POs) 

of synergized polyphosphate, and bottom curve is 

same as middle curve except 2 ppm of Zn was also 
added. 


test when the metal is added to 30 ppm 
(as PO,) of a “synergized” polyphos- 
phate. Two parts per million of zinc are 
sufficient to impart considerable added 
protection. If the zinc dosage is raised 
to 10 ppm (a fivefold increase), then 
the added benefit in these tests dis- 
appears. The same relationship exists for 
manganese. In the case of tin, the use 
of 10 ppm results in severe attack, 
whereas 2 ppm gives added protection. 

A more quantitative relationship be- 
tween the “synergized” polyphosphate 
inhibitor alone and that to which metal 
ions have been added is shown in Figure 
6. Here corrosion inhibition in the stand- 
ard coupon test with 30 ppm (as PO,) 
of a synergized polyphosphate is shown 
to be considerably improved upon the 
addition of 2 ppm of either zinc or 
cadmium. 


The addition of zinc to the synergized 
polyphosphate combination also helps re- 
duce corrosion of admiralty metal. This 
effect can be seen in Figure 7, where 
coupon tests have been run on admiralty 
metal comparing (1) a blank, (2) 30 
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ppm (as PO,) of the synergized poly- 
phosphate, and (3) 2 ppm of Zn added 
to (2). 

The theoretical reasons for the effect 
of metal cations have yet to be estab- 
lished. It is likely, however, that cathodic 
inhibitors such as zinc may help prevent 
the formation of local cells at points on 
the metal surfaces where potential dif- 
ferences exist. 

One possible explanation of the dele- 
terious effect of overtreating with some 
metal cations might be that the excess 
metal cation in solution may tend to pull 
the polyphosphate film off the metal sur- 
face by some form of electrostatic attrac- 
tion. Another, and perhaps more likely 
possibility, might be the formation of a 
deposit of metal-orthophosphate sludge 
on the metal surface which could lead to 
the development of concentration cells. 


Field Results and Discussion 
In order to facilitate feeding and han- 
dling in field operation, a single formu- 
lation was developed containing the poly- 
phosphates, ferrocyanide and zinc. Use 
of this single formulation has proven to 
be much more convenient than feeding 
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the zinc separately from the synergized 
polyphosphate. The use of zinc instead 
of cadmium, in addition to being more 
favorable from an economic point of 
view, also simplifies many problems par- 
ticularly where waste disposal is an im- 
portant factor. 

Widespread field use of this formula- 
tion has given excellent correlation with 
laboratory results. Results manifest them- 
selves in the form of lower corrosion 
rates, more adherent and uniform pro- 
tective films, (particularly in low velocity 
areas), a reduction in localized attack 
(ie., pitting), lower iron and copper 
contents in the cooling water and better 
protection at lower phosphate levels than 
is possible in the absence of the zinc. 

Improved protection by the use of zinc 
has been shown in various types of cool- 
ing tower systems including refinery 
chemical plants and utility operations. 
Treatment programs on systems such as 
these are giving good protection over a 
wide range of water and operating char- 
acteristics. 

Summary 

Past work has shown that the per- 

formance of polyphosphates as corrosion 


Any discussions of this article not published above 


will appear in the June, 1959 issue 


ERRATUM 


Comparison of Corrosion Engineering or 
Materials Engineering Functions in 
Various Chemical Plants by L. W. 
Gleekman. Corrosion, Vol. 14, 540t 
(1958) Nov. 

Entry under heading 

Problems” 


“Investigates Paint 
for General Chemical Div., 
New 


Allied Chemical & Dye, Camden, 
should read: 


Jersey, 
instead of No 


The letter “X” will indicate that this 
company does investigate paint problems. 
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Authors of technical papers on corrosion are invited to submit them for review without 
invitation to the Editor of Corrosion. Write for “Guide for the Preparation and Presenta- 
sent free on request to prospective authors. 
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inhibitors in cooling tower systems could 
be improved by the addition of ferro- 
cyanide. When small amounts of some 
metal ions such as zinc or cadmium are 
added with the synergized polyphosphate, 
a further improvement can be obtained. 
Other metal ions such as copper and 
aluminum have a deleterious effect. The 
use of zinc with a synergized polyphos- 
phate results in a more adherent protec- 
tive film, and better protection at lower 
phosphate levels. 
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TASK GROUP T-8B, Re- 
finery Industry Corro- 
sion, Los Angeles Area, 
which was recently 
formed, has elected 
officers. Chairman is 
George C. Hall, Richfield 
Oil Corp., Wilmington, 
Cal. Vice chairman is 
W. G. Welter, General 
Petroleum Corp., Los 
Angeles, and secretary 
is E. B. Marquand, 
Aluminum Company of 
America, Los Angeles. 
Monthly meetings are planned for the task 
Group. 


New Officers Are Elected 
For Unit Committee T-6B 


New officers for Technical Unit Com- 
mittee T-6B, Protective Coatings for 
Resistance to Atmospheric Corrosion, 
have been elected. They are Chairman 
Robert P. Suman, Pittsburgh Plate Glass 
Co., and Vice Chairman M. W. Belue, 
Champion Paper and Fiber Company. 

Polyurethanes were discussed by 
Richard Sansone, Mobay Chemical 


Marquand 


Suman Belue 
Company, at the committee’s October 
meeting in New Orleans. 

After discussing the relative merits 
of continuing as a separate unit or re- 
organizing as a sub-committee under 
T-6D, the committee voted to remain a 
separate entity. 

The new officers are planning to re- 
organize T-6B sub-committees along 
generic divisions similar to those of T- 
6A, Organic Coatings and Linings. 


T-9 and Sea Horse 
Institute to Hold 
Joint Meeting in June 


Use and protection of wood piling will 
be discussed at a joint meeting of 
NACE Group Committee T-9, Marine 
Biological Deterioration, and the Sea 
Horse Institute to be held June 1-5, 
1959, at Wrightsville Beach, N. C. 

The conference will highlight panel 
meetings on questions and topics for 
discussion which are previously sub- 
mitted in writing to T-9 Chairman C. 
M. Wakeman, Los Angeles Harbor De- 
partment, P. O. Box 786, Wilmington, 
Cal. Questions must be submitted be- 
fore March 1. 

Persons wishing to present papers will 
be given time at an extra night session. 
A business meeting will be held also. 

Questions submitted for discussion 
will be grouped into categories. A 
moderator and panel will be chosen to 
discuss the questions with a general dis- 
cussion scheduled after the panel. 

Three half-day sessions are planned 
for the marine biological group with 
intervening sessions on corrosion, ca- 
thodic protection, organic coatings, etc. 

Inspections are planned at the Kure 
3each atmospheric exposure racks and 
the Harbor Island Corrosion Test Site 
adjacent to Wrightsville Beach. 

Hotel accommodations will be limited, 
according to Mr. Wakeman. Reserva- 
tions should be sent to Mr. Wakeman 
or T. P. May, P. O. Box 262, Wrights- 
ville Beach, N. C. 


Tank Lining Limitations 
Discussed at T-6F Meeting 


Observations of the limitations of 
fluorocarbon dispersion coatings as tank 
linings were given by Sylvan Falck as 
part of the technical session of the re- 
cent Cincinnati meeting of Technical 
Unit Committee T-6F, Protective In- 
terior Linings—Applications and Meth- 
ods. 

Lack of background information does 
not permit the recommendation with 
certainty of fluorocarbon coatings as 
tank linings for service conditions too 
severe for more commonly used coat- 
ings, according to Mr. Falck. The only 
data available seems to be that pub- 
lished by the manufacturers, and these 
data are often confusing, he added. 

The necessity of thorough testing was 
recommended whenever the use of a 
dispersion coating is contemplated as a 
corrosion resistant tank lining or coat- 
ing for other equipment. 

A discussion of the question “Why is 
the phrase ‘reasonable freedom from 
porosity’ used in a lining specification?” 
was led by W. P. Cathcart. 

« 


A tentative schedule of Technical 
Committee meetings to be held in 
Chicago is given on page 72. Over 70 
committees will meet during the NACE 
15th Annual Conference. 
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Foley Roller 


NEW OFFICERS ELECTED for T-5B Commit- 
tee on High Temperature Corrosion are Chair- 
man R. T. Foley, General Electric Company, 
and David Roller, Wright AFB Air Develop- 
ment Center. 


Paint Safety, Education 
Talks Heard by T-6D 


Paint safety and education were em- 
phasized in talks heard by the Tech- 
nical Unit Committee T-6D, Industrial 
Maintenance Painting, at its October 
meeting in New Orleans. 

In his talk on Painters Safety, M. W. 
Belue, Champion Paper Co., Pasadena, 
Tex., presented the details of many in- 
dustrial painting accidents to show that 
just knowing the rules is not enough. 
He urged continual vigilance by all con- 
cerned to insure proper use of safety 
rules. 

The need for education at all levels of 
the painting operation was emphasized 
by O. A. Melvin, Carboline Co., Hous- 
ton, in his talk on Painter Education. 
The painter should be given complete 
and detailed instructions and inspectors 
should be trained before working them 
on all types of jobs, he stated. The re- 
cent educational program organized by 
the Houston Coatings Society also was 
described. 

A preliminary report from T-6D Eco- 
nomics Task Force was given on 800 
questionnaires sent out to industry to 
determine which factors reduce mainte- 
nance painting costs. 

An exploratory task group on Safety 
and Painter Education was appointed to 
make a report at a later meeting. 


Discussion on Instruments 
Presented at T-3D Meeting 


New instruments and recent modifica- 
tions were discussed at the San Francisco 
meeting of Technical Unit Committee 
T-3D, Instruments for Measuring Cor- 
rosion. 


Several corrosion measuring instru- 
ments were demonstrated. Modifications 
to current models were discussed also. 
A projection type meter suitable for use 
with a viewgraph projector for educa- 
tional work was exhibited. 

Instructions were given on how to 
modify older instruments and how to 
place orders for instruments with special 
modifications. 
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save on steel! save on acid! save on pickling costs! 


... With Amchem Rodine! 


Exhaustive comparison tests with competitive materials 
prove time and again Amchem Rodine’s superiority in 
performance, with substantial savings in costs, acid and 
steel in the bargain. 


Amchem Rodine pickling acid inhibitors retard the at- 
tack of acid on the metal without lessening its capacity 
to remove scale. Not only do they save in metal and acid, 
but they reduce production costs and their efficiency 





tas 


Effect of RODINE-INHIBITED Acid 


Effect of Uninhibited Acid 


This microphotograph of a low-carbon 
sheet steel panel pickled in uninhib- 
ited sulfuric acid shows deep etching 
and the pitted character of the surface 
after 5 minutes in the solution. 


Panel pickled for 5 minutes in Rodine- 
inhibited sulfuric acid, then micro- 
photographed. Only scale pockets and 
roll marks are visible; no pitting of 
the low-carbon sheet steel occurred! 





improves the quality of the pickled product as well. 


If you are now using an inhibitor in your pickling bath, 
you'll want to investigate the three way savings highly 
concentrated Amchem Rodine can effect. Find out now 
about this superior Amchem inhibitor development, 
ask about our full time technical and engineering 
assistance program, and check Amchem for service you 
can depend on long after the sale! 


Write for free Bulletin 1381 with 
handy selection chart showing char- 
acteristics of and uses for typical 
Rodine Pickling Acid Inhibitors and 
Bulletin 1448 on Amchem Cupro- 
dine, the simple non-electrolytic 
immersion process for producing 
bright, adherent copper coatings on 
carbon and stainless steels. 


@ AMCHEM — 
RODINE » 





gt 
Amchem Rodine is another chemical development of Amchem Products, Inc., Ambler, Pa. » Formerly American Chemical Paint Company 
Detroit, Mich. » St. Joseph, Mo. * Niles, Calif. * Windsor, Ont./Amchem, Rodine and Cuprodine are registered trademarks of Amchem Products, Inc 
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NACE NEWS 





Chicago Conference Advance Program Additions 


Changes Are Given 
In Technical Papers 
To Be Presented 


Additions and corrections to the Chi- 
cago Conference Advance Program as 
printed in the January issue of Corrosion 
are listed below: 


General Corrosion Symposium 
One paper is added to the four ab- 
stracts printed on page 86: The Mecha- 
nism of Electrochemical Conversion 
From Active to Passive States by W. A. 
Mueller, Pulp and Paper Research Insti- 
tute of Canada, Montreal. 


High Purity Water Symposium 
Another paper is added to the four 
printed on page 86 for this symposium: 
The Susceptibility of AISI 410 to Stress 
Corrosion Cracking in High Tempera- 
ture High Purity Water by Henry Suss, 
oe Power Laboratories, Schnectady, 


Marine Corrosion Symposium 
The Marine Corrosion Symposium 
given on page 88 is scheduled for 9-12 
a.m., Friday, March 20. 


Oil and Gas Production Symposium 

One paper is added to this symposium 
as printed on page 88: Corrosion Inhibi- 
tor Evaluation From Cathodic Polari- 
zation Measurements by R. A. Legault, 
Sun Oil Co., Dallas, and Norman Hack- 
erman, University of Texas, Austin. 

A title change in the paper by D. R. 
Fincher has been made. The new title is 
Corrosion Problems Associated With 
Sour Gas Condensate Production. 


Protective Coatings Symposium 

Two papers are added to the four given 
on page 92. They are: An Approach to 
Protective Coating Engineering by A. K. 
Long, Glidden Co., Cleveland, Ohio, and 
Thirty-Year History of Tank Car Inte- 
rior Coatings by A. C. Carbon, General 
American Transportation Co., East Chi- 
cago, Ind. 


Pulp & Paper Industry Symposium 

An incorrect title and abstract by W. 
A. Mueller was given for this symposium 
on page 92. The correct title is Anodic 
Protection of Alkaline pulping Digesters 
by W. A. Mueller, Pulp and Paper Re- 
search Institute of Canada, Montreal. 


Women’s Entertainment 
Program Is Completed 


Additions to the women’s entertain- 
ment program at the Chicago Conference 
as printed in the January Corrosion have 
been made. 

A social is scheduled for Monday, 
March 16, at the Ladies’ Headquarters. 
Coffee will be served. 

Tuesday, March 18, at 2 pm Martha 
McDonald will present ‘Fun With Hats.” 
Optional tours will be available Thurs- 
day, March 19. At 2 pm Lois Etzold will 


present “The Magic of Charm” followed 
by a tea and dessert, 

Women attending the conference will 
have an opportunity to visit the Chicago 
World Flower Show to be held at the 
Amphitheatre. 


NATIONAL and REGIONAL 
MEETINGS and 
SHORT COURSES 


eae Re 





1959 

Feb. 11-13—Canadian Region. Calgary, 
Alberta. 

March 16-20—15th Annual Conference 
and 1959 Corrosion Show. Sherman 
Hotel, Chicago. 

Sept. 29-30, Oct. 1—Western Region 
Conference. Bakersfield Inn, Bakers- 
field, Cal. 

Oct. 1-2—Southeast Region. Jackson- 
ville, Florida. 

Oct. 5-7—Northeast Region. Lord Balti- 
more Hotel, Baltimore, Md. 

Oct. 12-15—South Central Region Meet- 
ing, Denver, Col. Cosmopolitan Hotel. 





Oct. 20-22—North Central Region, 
Cleveland, 
1960 


March 14-18—16th Annual Conference 
and 1960 Corrosion Show. Dallas, 
Texas, Memorial Auditorium. 

Oct. 11-14—Northeast Region Meeting. 
Huntington, W. Va. 

Oct. 19-20—North Central Region. Mil- 
waukee. 

Oct. 25-28—South Central Region Con- 
ference, Mayo Hotel, Tulsa. 


1961 

March—17th Annual Conference and 
1961 Corrosion Show. Buffalo, N. Y., 
Hotel Statler. 

Oct. 24-27—South Central Region Con- 
ference, Houston, Shamrock Hotel. 





1962 


March—18th Annual Conference and 
1962 Corrosion Show. Kansas City, 
Municipal Auditorium. 

October 16-19—South Central Region 
Conference, Hilton Hotel, San An- 
tonio, Texas. 


SHORT COURSES 
1959 


February 11-13—Tulsa Section. Tenth 
Annual Pipe Line Short Course. Mayo 
Hotel. 

March 31-April 12—Corrosion Control 
Short Course. University of Okla- 
homa-Central Oklahoma Section. 
North Campus, University of Okla- 
homa, Norman. 

June 2-4—Teche Section. Corrosion 
Control Short Course, Southwestern 
Louisiana Institute, Lafayette. 

December 7-11—University of Illinois 
Biennial Short Course on Cathodic 
Protection. Urbana Campus. 
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Educational Lectures, 
Corrosion Principles 


Symposia Are Added 


Two symposia are to be added to the 
15th Annual Conference Advance Pro- 
gram as printed in the January issue of 
Corrosion. They are the Educational Lec- 
tures Symposium and Corrosion Princi- 
ples Svmposium. 

Theme of the Educational Lectures 
will be the effects of radiation on corro- 
sion. The symposium is scheduled for 
Tuesday, March 17, 9-12 am. 

Four papers will be presented in the 
Corrosion Principles Symposium sched- 
uled for Wednesday, March 18, 8:30- 
11 am. 





CORROSION PRINCIPLES 


ABSTRACTS 


The Role of the Crystallographic Orientation of 
a Metal Surface on Corrosion Processes by 
Jerome Kruger, National Bureau of Standards, 
Washington, D. C. 

A brief description of studies of the corrosion of 
single crystal surfaces of copper and iron in pure 
water is given. In the light of these studies, the 
role of crystallographic orientation in influencing 
the rate of oxide film formation, nature of the 
film and frequency of pitting are discussed with 
attention given to how these results affect current 
corrosion theory. 





The Classical Potentiostat: Its Application to the 
Study of Passivity by N. D. Greene, Haynes 
Stellite Co., Niagara Falls, N.Y. 

The potentiostat, a device which maintains an 

electrode at a constant potential, offers a unique 

means of characterizing the active-passive be- 
havior of metals. The classical potentiostat pos- 
sesses the desirable combination of low cost, high 
accuracy and circuit simplicity. The basic prin- 
ciples of this instrument have been developed 
and applied to the design of an instrument suit- 
able for electrochemical studies of passivity. An 
improved classical potentiostat with an ultimate 

, control of + 1 millivolt is described in 

detail. 


Fundamental Aspects of Iron Corrosion in High 
Temperature Water by David L. Douglas, 
General Electric Co., Schenectady, N. Y. 


Effects of Structure on the Efficiency of Polar 
Inhibitors by C. L. Peterson, Batelle Institute, 
Columbus, Ohio. 


EDUCATIONAL LECTURES 


ABSTRACTS 


Corrosion Under Irradiation of Zircaloy-2 and 
Stainless Steel by Uranyl Sulfate Solutions by 
G. H. Jenks, Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 

Studies reported in this paper show that Zir- 
caloy-2 corrodes at a nearly constant rate greater 
than the rate observed in the absence of radia- 
tion. The rate increases with increasing radiation 
intensity and with increasing temperature. Heavy 
article components of the radiations (fission 
ragment recoils and fast neutrons) appear to be 
primarily responsible for the radiation induced 
corrosion. Sorption of uranium at the specimen 
surface contributes significantly to the fission 
fragment radiation intensity at the surface and 
consequently to the corrosion effects. 


(Continued on Page 68) 
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Letters to the 
Editor 


Anodes and Cathodes 


By Willard E. Edwards 
Electrical Engineer 
Honolulu, Hawaii 


and textbook definitions of 
“ce ” “ ” 

anode” and “cathode” are often con- 
fusing. They are only partly right in 
some publications and are incorrect in 
others. Since these words are in daily 
usage in the study of corrosion and in 
the application of cathodic protection, a 
better understanding of them is highly 


desirable. 


Dictionary 


There are two distinct types of elec- 
trolytic cells. One of them generates 
electricity, and the other absorbs it. A 
cell which generates electricity, such as 
the ordinary dry cell or flashlight cell, 
is called an electrogenetic cell. “Electro- 
genetic” is a much better technical, de- 
scriptive, and up-to-date word than 
“oalvanic” or “voltaic.” The cell used in 
electroplating, where current is fed into 
it from an outside source, is an example 
of an electrolytic cell which absorbs 
electricity. It is called an impressed- 
current cell. 

But for any electric cell (or electron 
tube), the anode is always the electrode 
through which conventional current 
enters an electrolyte (gas or vacuum 
tube) from an external source or con- 
ductor, The cathode is always the elec- 
trode through which conventional cur- 
rent leaves and electrolyte (gas or 
vacuum tube) to return to an external 
source or conductor. In any electrolyte 
(or electron tube), conventional current 
(positive electricity) always flows from 
anode to cathode. 

A reversible cell (secondary electro- 
lytic cell), such as in the automobile 
storage battery, absorbs electricity while 
being charged, and it generates elec- 
tricity while it is discharging. Thus its 
positive pole, which is the anode while 
it is being charged (receiving an im- 
pressed current), becomes the cathode 
while it is being discharged (generating 
a current). Its negative pole, which is 
the anode while it is being discharged, 
becomes the cathode while it is being 
charged. The polarity of this cell doesn’t 
change, but each terminal (or electrode) 
can be either an anode or a cathode, 
depending on the electrochemical action 
taking place within the cell. 

In any electrogenetic cell (an electro- 
lytic cell which generates its own volt- 
age, including the underground corrosion 
cell), the anode is the negative electrode, 
pole, terminal, or surface area, and the 
cathode is the positive electrode, pole, 
terminal, or surface area, not vice versa, 
as defined in some publications. 

A short, correct definition for anode 

“The electrode through which direct 
current enters an electrolyte, gas or 
vacuum.” Conventional current (positive 
electricity) is understood, as opposed to 
electron flow (negative electricity). If 
you wish to give a popular definition, 
I’d suggest it read as follows: “Anode. 
The negative pole or electrode of an 


electrogenetic cell.” If you wish to give 
several short, comprehensive definitions, 
I'd suggest they read as follows: 
“Anode. The negative terminal of an 
electrogenetic cell; the electrode by 
which the current enters an electrolyte 
(or gas) on its way to the other pole; 
the electrode which is corroded or goes 
into solution in an electrolytic cell; the 
electrode to which electrons flow inside 
an electron tube.” 

A short, correct definition for cathode 
is: “The electrode through which direct 
current leaves an electrolyte, gas or 
vacuum.” If you wish to give a popular 
definition, I’d suggest it read as follows: 
“Cathode. The positive pole or electrode 
of an electrogenetic cell.” If you wish to 
give several short, comprehensive defi- 
nitions, I’d suggest they read as follows: 
“Cathode. The positive terminal of an 
electrogenetic cell; the electrode by 
which the current leaves an electrolyte 
(or gas) on its way to the other pole; 
the electrode which is not corroded or 
attacked on an electrolytic cell; the elec- 
trode from which electrons flow inside 
an electron tube.” 

For a printed discussion on the above, 
and for other electrical terms in current 
usage, please see the article Electro- 
chemical Aspects of Underground Cor- 
rosion and Cathodic Protection on pages 
907-912 of the October, 1956, issue of 
Electrical Engineering magazine, pub- 
lished by the American Institute of 
Electrical Engineers. 

This is submitted in a cooperative 
spirit with the hope that a correct usage 
and dictionary electrical terminology 
may result. It will be appreciated if you 
will include up-to-date definitions for 
current words such as “cathodic protec- 
tion” (the prevention or mitigation of 


corrosion of a metal surface by making 
it cathodic), “electrogenetic,” electro- 
negative,” “electropositive,” etc., as noted 
in the above mentioned article. 


Educational Lectures— 
(Continued From Page 67) 


An equation relating fission fragment radiation 
intensity and corrosion rate is given which was 
developed from a quz alitative model of the radi- 
ation corrosion of Zircaloy-2. 

The corrosion of Type 347 stainless steel in 
uranyl sulfate solutions also is adversely affected 
by exposure to heavy particle radiations. A few 
results with this alloy are presented, 


The Effects of Nuclear Irradiation Upon Gas- 
Solid Reactions by M. T. Simnad, General Dy- 
namics Corp., San Diego. 

A brief discussion is presented of the effects of 

irradiation upon the properties of solids and their 

relaton to corrosion reactions. Studies of the 
influence of irradiation upon gas-solid reactions 
are reviewed. These include the reactions of 
metals with oxygen, of graphite with air, oxygen, 

COz and halides and of the reduction of metal 

oxides by hydrogen. 


Effect of Cold Work on Corrosion by H. H. 
Uhlig, Massachusetts Institute of Technology, 
Cambridge. 

The corrosion rates of metals are unaffected by 
cold work in environments for which the rate is 
controlled by diffusion of reactants to the metal 
surface. Cold work may have a great effect when 
the rate is controlled by activation polarization 
either at the cathode (hydrogen overvoltage) or 
at the anode. Some metals on plastic deformation 
form low overvoltage precipitates with accom- 
panying increase in the corrosion rate. In general, 
the energy introduced into the metal lattice by 
cold work is not sufficient to account for the 
observed increase in corrosion. 

Several metal systems are discussed with re- 
spect to the relation between radiation damage 
and cold work. 

= 


Latest developments in processes, ma- 
terials, methods, processes and equipment 
for corrosion control will be on display at 
the 1959 Corrosion Show. 


SECTION 
CALENDAR 


Shreveport Section. Caddo Hotel. 
West Kansas Section. 

9 Central Oklahoma Section. At Ava- 
lon Cafeteria, Duncan. Testing Cor- 
rosion Inhibitors, by John A. Knox, 
Halliburton Ow Well Cementing Co. 
Montreal Section. Hydrogen Attack 
on Steel, by W. Bonner. 
Baltimore-Washington Section. Ca- 
thodic Protection Criteria, by W. J. 
Schwerdtfeger. 

Cleveland Section. Cleveland Engi- 
neering and Scientific Center. Talk 
on linings. 

Chicago Section. A Solution of 
Joint Electrolysis Problems in Stray 
Current Areas, by Louis Horvath, 
Ohio Bell Telephone Co. 
Metropolitan New York Section. In 
New York City. High Temperature 
Corrosion, by E. N. Skinner. 


Panhandle Section. 
Genesee Valley Section. Results of 
Salt Test Corrosion Panel Placed 
on Automobiles. 

Mar. 
Shreveport Section. Caddo Hotel. 
West Kansas Section. 
Pittsburgh Section. Activities of the 
Prevention of Deterioration Center 
at the National Academy of Science, 
by C. J. Wessel. 
Central Oklahoma Section. 
Cafeteria, Oklahoma City. 
Greater Boston Section. Corrosion 
Beliavior and Protective Value of 
Electrodeposited Coatings, by Clar- 
ence H. Sample, Inco. 

10 Montreal Section. Corrosion Work 
in the National Research Council, 
by Morris Cohen. 


26 Kanawha Valley Section. Hunting- 
ton, W. Va. Underground Coatings. 


30 Atlanta Section. 
31 Panhandle Section. 


Tropical 


T. P. May to Be Temporary 


Publications Chairman 

T. P. May has been appointed tempo- 
rary chairman of the NACE Publica- 
tions Committee while Dick Treseder is 
on a company assignment in The Neth- 
erlands. Mr. Treseder will return to this 
country in May. 


Calgary Section Elects 
Mainland As Chairman 


Section has elected G. 
He is 


The Calgary 
G. Mainland as its new chairman. 
associated with Imperial Oil, Ltd. 

Other officers elected for 1959 are 
Vice Chairman E. W. Abercrombie, 
Aluminum Company of Canada, Ltd., 
Secretary-Treasurer S, N. Gell, Cana- 
dian Western Natural Gas Co., Ltd. 

Membership chairman is F. S. Fobes, 
Pi-Pro Products, Ltd., and program 
chairman is J. S. Watson, Government 
of Alberta. 

D. S. McIntosh, Britamoil Pipe Line 
Co., was elected section trustee. 
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ANY WAY YOU LOOK AT IT 
Standard’s HIGH CURRENT Anodes deliver more protection at less cost! 


As every corrosion engineer knows, it is the current 
delivered by magnesium anodes that stops corrosion. 
Ohms Law reads “Current equals volts divided by 
resistance.” Therefore, reducing the resistance in- 
creases the current output and the protection de- 
livered by an anode. The resistance of a magnesium 
anode decreases rapidly by extending the length 
of the anode. 


Standard Magnesium now offers, at no addi- 
tional cost, a line of High CurrENT output anodes of 
increased length. These HicH Current anodes pro- 


duce 50% more current output than conventional 
anodes. Furthermore, that H-1 alloy delivers the 
maximum possible life and protection has been field 
proved over a decade in millions of installations. 

With this new HicH CurRENT anode you save on 
installation as well as original costs since four H1cH 
CuRRENT anodes will deliver the current of six con- 
ventional anodes. 

Be sure you are getting the maximum return for. 
your dollar investment. Insist on Standard Mag- 
nesium HicH CuRRENT anodes. 


For complete information describing advantages 
of HicH CurrENT anodes write for FREE booklet CH58. 


QUALITY AND DEPENDABILITY THROUGH RESEARCH 


Standard 'Vlagnesium 
OSs thet yal 


TULSA; OKLAHOMA 


MAGNESIUM INGOT 


MELTING FLUX 
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the largest order ever placed 


for a protective pipeline coating 


of any kind specities: POLYREN 
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a modern coat 
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1. The Houston line is simultaneously 
cleaned and wrapped. Polyken Tape 
(dark spools) goes on, without a 
primer, in factory-uniform condition 
... then is overwrapped (gray spools). 


2. Houston gets Polyken-wrapped pipe 
into the ditch almost immediately 
after coating. Field men say this 
makes for a tight, clean, fast- spread 


Here’s how the Houston Texas Gas and Oil Corporation 
decided on Polyken Tape for its 1,616-mile natural gas 
pipeline between Baton Rouge and Miami. 


First, they confirmed Polyken’s performance qualities 
for themselves. Their engineers gave it thorough corrosion- 
resistance tests. Then they designed comparative test 
spreads so they could see the actual difference in unit op- 
erations and costs between Polyken and the ordinary 
enamel method. Polyken passed with flying colors. 


Next, they figured the job and estimated savings came 
to over half a million dollars. On one test spread, for ex- 
ample, Polyken cut the labor force from 36 men to 19, and 
construction equipment units from 18 to only 7. 


On the job, Polyken is proving its superiority in other 
unexpected ways, too. Its ‘‘quick ditching” has been in- 
valuable in slushy sand, where a fast-collapsing ditch calls 
for immediate coating and lowering. It has avoided the 
liabilities of excessive hot dope equipment and fumes in 
valuable orange groves and timberland. 


These are just a few of the advantages of Polyken Tape 
—the modern way to coat a pipeline. Call your Polyken 
representative and get the full story on how Polyken can 
do a better job for you—and save you money. 


* Polukeni 


EXPERIENCED IN PROTECTIVE COATINGS 
THe KEM DALLEL company 
Polyken Sales Division 

























































Chicago Conference 
Corrosion Show 
Set for 10 am—5 pm 


Hours for the 1959 Corrosion Show to 
be held concurrently with the NACE 
15th Annual Conference at Chicago have 
been set for 10 am through 5 pm on 
March 17-19. 

The conference and Corrosion Show 
will be held in the Hotel Sherman. 

The hours were decided by a majority 
opinion of the exhibitors who will have 
booths in the show. 

No technical symposia are scheduled 
for the afternoon of Tuesday, March 17, 
so registrants can visit the show. 

\ total of 95 companies have con- 
tracted for 120 booths at publication 
time. 

In addition to the companies listed in 
October, December and January Corro- 
SION, the following will have exhibits: 

Harco Corporation 

Midwestern Pipe Line Products Co. 

Wright Chemical Corp. 

Plastic and Coal Chemical Division, 

Allied Chemical Corp. 

Tube Turns Plastics, Inc. 

Erico Products, Inc. 

\gra Engineering Co. 

Tinker & Rasor 

Carlon Products Corp. 

Hanson Equipment Co. 


Juenker to Receive 
Young Author Award 


The 1958 Young Author Award will 
be presented to D. W. Juenker at the 
NACE Annual Conference Banquet in 
Chicago, Wednesday, March 18. 

Mr. Juenker is associated with the 
University of Notre Dame Department 
of Physics, Notre Dame, Indiana. 

The 1958 award was made on the basis 
of the paper entitled Cavity Formation in 
[ron Oxide published on Page 39t of the 
January, 1958, issue of Corrosion. The 
paper was written by Mr. Juenker in col- 
laboration with R. A. Meussner and C, E. 
Birchenall. 

Mr. Juenker’s paper was among 11 
eligible papers considered by the commit- 
tee. For the 1957 award, 57 papers repre- 
senting 60 authors were considered. 
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North Central Region 








GENERAL PLANNING COMMITTEE for the North Central Region Meeting to be held -in 

Cleveland October 20-22, 1959, is shown. Monthly committee meetings are being held to 

arrange the symposia leaders and speakers. Shown standing from left to right are Ed. W. Vereeke, 

Heil Process Equipment Co., Cleveland, and Harry W. Hosford, Jr., Harco Corp., Cleveland. 

Sitting from left to right are Bob Schantz, Sherwin-Williams Co., Cleveland, W. Hooker, Harco 

Corp., Cleveland, Austin K. Long, Glidden Co., Cleveland, and General Chairman Lester D. 
Mills, Jr., Standard Oil of Ohio, Cleveland. 





Kansas City Section elected new offi- 
cers at the December meeting. They are 
Chairman Jack L. Grady, Vice Chair- 
man Daniel R. Werner and Secretary- 
Treasurer Hobart Shields. 

Speaker at the meeting was F. S. 
Rowland, who spoke on nuclear energy 
and future possibilities of using isotopes 
in corrosion control and study. 

e 
A total of 16 symposia is scheduled dur- 
ing the Chicago Conference. 

e 
Members who register at the membership 
rate need to have their membership cards 
at the time they register. 

* 
Over 100 companies will have exhibits in 
140 booths at the 1959 Corrosion Show in 
Chicago, March 17-19. 


ee A A nN ere 


Tentative Schedule of Technical Committee Meetings at Chicago 


ee _ 
| A.M. | T-1 T-2C 
Monday | ilies 


March 16 | 
| P.M. | T-3G-1 


Tuesday - 
March 17 | | T-4B-: 
| P.M. | | T-4B- 

| I 


wm Ordo 


Wednesday -|- ~ 
March 18 | T-7B 
P.M. | T-8A 


T-6B 


|A.M.| T-8 | T-6E | 
Thursday |——_'-— — 
March 19 | | 
P.M.| T-8 | T-1K 
| | T-1M T-5E 
| | (2-4pm) 





| | 


| | T-6K | 










































The 1959 Corrosion Show is the fourth 
exhibition held by NACE in Chicago. 
















CERTIFICATES of 
MEMBERSHIP in 
NACE 


Certificates of membership in the Na- 
tional Association of Corrosion Engineers 
will be issued on request at $2 each, 
remittance in advance, The certificates, 
which measure 5% x 8% inches, are 
signed by the president and executive 
secretary of the association. 


CERTIFICATES for 
PAST CHAIRMEN 
of REGIONS 

and SECTIONS 


Certificates measuring 9 x 12 inches in 
size, prepared from an engraved plate, 
are available for issuance to regional 
and sectional chairmen. They will be 
supplied on request of the region or 
section at $7.50 each to be paid by the 
region or section, the cost to be classi- 
fied as a non-reimbursable expenditure. 















Address Orders to 
T. J. Hull, Executive Secretary 


NATIONAL ASSOCIATION OF 
CORROSION ENGINEERS 


1061 M & M Bldg., Houston 2, Texas 
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You're Money Ahead to 


MEASURE PIPE PROTECTION 
WITH A CALENDAR 
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How should pipe protection be measured? By first cost? 


By ease of application? By appearance? PROVED IN SERVICE 


With all the claims made for protective tapes, too often eee»Underground or Under Water on 
the most important consideration is overlooked—the 










simple point of how long and how well it will protect Pipe Tanks 
the pipe. Pipe Joints ; Tie Rods 
; Service Connections Conduit 

Since 1941, when TAPECOAT originated coal tar Mechanical Couplings Cables 
coating in tape form, this protection has proved to be the Fittings Splices 
best that money can buy for combatting corrosion under- Insulated Lines Bridge Crossings 
ground or under water. Lines in service, TAPECOATED 
as far back as 17 years ago, show no signs of deterioration TAPECOAT comes in rolls of 2”, 3”, 4”, 6”, 18” 
—a record of uninterrupted performance no other type of and 24” widths—sized to the job. Available also in 





asphalt. Where primer is desired, specify TC 


tape can match. Think what this means in terms of preven- 
Primecoat, the compatible coal tar primer. 


tive maintenance and elimination of replacement costs! 

After all, hot-applied coal tar has proven over the 
years to be the most dependable and enduring protection. 
And because TAPECOAT is a hot-applied coal tar coat- 
ing in tape form, it offers the same lasting protection. 

A TAPECOAT sales and service engineer is available 
at all times to assist you on any corrosion problem and 
on the various applications of TAPECOAT. 










TAPECOAT 







A PROTECTIVE COATING 


The TAPECOAT Gmnpany 


1529 Lyons Street, Evanston, Illinois 





Write for complete details today. 






Representatives in Principal Cities 
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MICROBES AND CORROSION was the topic discussed by D. M. Updegraff (center), Minnesota 

Mining and Manufacturing Co., St. Paul, at the December meeting of the North Texas Section. 

Corrosion caused by microscopic organism was discussed. Shown talking with Mr. Updegraff are 
Jay Simmons (left), Sun Oil Co., and Glynn Beesly (right), 1958 section chairman. 


PERMIAN BASIN SECTION OFFICERS installed at the December section meeting are shown above left to 
right: First Vice Chairman Kirk A. Harding, Gulf Oil Corp., Goldsmith; Secretary-Treasurer R. F. Weeter, 


Magnolia Petroleum Co. 


Midland, Chairman Roscoe Jarmon, Permian Enterprises, Odessa; outgoing Chair- 


man Jack Collins, Continental Oil Co.; Trustee John Gannon, Te:as Company, Midland; and Second Vice 
Chairman R. C. Booth, Plastic Applicators, Inc., Odessa. 


West Kansas Section 1959 officers are 
Chairman Roy Junkins, Cities Service 
Oil Co., Great Bend, Kansas, Vice 
Chairman Ray E. Walsh, Atlas Powder 
Co., Great Bend, Secretary-Treasurer 
J. J. Crockett, Tret-O-Lite Co., Hays, 
Kansas, and Trustee Cliff Koger, Cities 
Service Oil Co., Bartlesville, Okla. 

meetings of the section are 
first Thursday of 


Regular 
scheduled the 
month. 


each 
e 


Teche Section held a panel discussion 
on paraffin problems at its December 
meeting. C. C. Nathan, Texas Co., 
Bellaire, Texas, conducted the panel. 
New section officers were installed at 
a dinner-dance meeting held in January. 
¥ 


Panhandle Section Education Chairman 
has been appointed. He is John F. 
Headrick, Phillips Petroleum Co., P. O. 
Box 327, Phillips, Texas. 

As discussed at the New Orleans 
South Central Region meeting, educa- 
tion chairmen for each section will work 
with and encourage youth in science 
education. 


Tulsa Section officers for 1959 are Chair- 
man Park D. Muir, Dowel Inc., Vice 
Chairman Cecil O. Smith, Carter Oil 
Co., Secretary Ray Amstutz, Earlougher 
Engineering, and Treasurer Herbert M. 
Cooley, Bethlehem Steel Co. 
® 

North Texas Section heard Floyd Blount 
of Magnolia Petroleum Company speak 
on Control of Offshore Corrosion at 
the January meeting. Thirty members 
and 14 guests were present. 

New section officers were installed, 
and a past chairman’s certificate was 
presented to retiring chairman Glyn 
Beesley. 

* 
All conference activities of the 1959 
NACE Conference and Corrosion Show 
will be held in the Sherman Hotel, Chi- 
cago. 

& 
NACE regional and sectional secretaries 
who do not have a supply already may 
get copies of the form “News Report for 
Corrosion” from Central Office on re- 
quest. The form helps in providing a com- 
plete news story concerning meetings. The 
news deadline for Corrosion is the tenth 
of the month preceding month of issue. 


ENGINEERS Vol. 15 


Tulsa Short Course 


Scheduled Feb. 11-13 


The 10th Annual Pipeline Corrosion 
Short Course sponsored by the Tulsa 
Section will be held February 11-13 in 
the Mayo Hotel, Tulsa. 

Designed specifically for operation 
personnel, foremen, technicians, junior 
engineers and other interested persons, 
the course will include group discus- 
sions, lectures and field demonstrations. 

Subjects scheduled are fundamentals 
of corrosion, fundamentals of cathodic 
protection, measurements and _ instru- 
ments for corrosion, corrosion control 
surveys, cathodic protection with gal- 
vanic anodes, cathodic protection with 
impressed currents, use of coatings in 
corrosion control, corrosion control 
equipment and a field trip demonstra- 
tion. 

Registration fee is $15 which covers 
lectures, field trip and banquet. Registra- 
tions are being handled by Frank James, 
Jr., P. O. Box 1088, Tulsa, Okla. 


SouthCentral Region 
Elects New Officers 


New officers for the South 
Region have been elected: 

Chairman J. A. Caldwell, Humble Oil 
and Refining, Houston; Vice Chairman 
W. F. Levert, United Gas Pipe Line 
Co., Shreveport; Secretary-Treasurer 
D. H. Carpenter, Atlas Powder Co.; and 


Central 


Caldwell 


Carpenter Spalding 
Assistant Secretary-Treasurer C. M. 
Thorn, Southwestern Bell Telephone 
Co., San Antonio. 

J. C. Spalding, Jr., Sun Oil Co., was 
elected director. He was the 1958 chair- 
man of the region. 

The 1959 South Central Region meet- 
ing will be held October 12-15 in 
Denver. 

» 


Over 100 companies will have exhibits it 
140 booths at the 1959 Corrosion Show in 
Chicago, March 17-19. 
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East Texas Section Hears 
Talk on Corrosion Caliper 


History and development of a new 
inicroscopic caliper to determine corro- 
sion in oil well tubing were given in a 
talk by Jack Kinley, M. M. Kinley Co., 
Houston, at the December meeting of 
the East Texas Section. 


The caliper was described as capable 
of giving a three dimensional record of 
tubing conditions and of distinguishing 
lhetween ring corrosion, line corrosion, 
isolated pits and other forms of corro- 
sion. The three dimensional record pro- 
vides information about the tensile and 
bursting strength of corroded tubing, 
.ccording to Mr. Kinley. 


Functional problems and operational 
use of the caliper were described. 


Symposium Chairman 


Frank B. Burns, vice chairman of the 
Sentral Oklahoma Section, has been ap- 
yointed chairman of the Pipe Line Sym- 
vosium to be held at the October 12-15 
neeting of the South Central Region at 
Denver. 


TECHNICAL 
REPORTS 


CHEMICAL INDUSTRY 
CORROSION 


T-5A-4 A _ Bibliography on Corrosion by 

Chlorine. A Report of Technical 
Unit Committee T-5A on Corrosion in the 
Chemical Manufacturing Industry. (Compiled 
by Task Group T-5A-4 on Chlorine.) Pub. 
56-2. Per Copy $1.50. 


T-5A-5 Corrosion by Nitric Acid. A Prog- 
ress Report by NACE Task Group 
T-5A-5 on Nitric Acid. Per Copy $.50. 


T-5A-5 Aluminum vs Fuming Nitric Acids. 

A Report by NACE Task Group 
T-5A-5 on Corrosion by Nitric Acids. Per 
Copy $.50. 


T-5B High Temperature Corrosion Data. 

: A Compilation by NACE Technical 
Unit Committee on High Temperature Cor- 
rosion, Pub. 55-6. Per Copy $.50. 


TP-5C Stress Corrosion Cracking in Alka- 
$.50 line Solutions. Pub. 51-3. Per Copy 


T-5C-1 


















Some Economic Data on Chemical 
Treatment of Gulf Coast Cooling 
Waters. A Report of the Recirculating Cool- 
ing Water Sub-Committee of NACE Task 
Group T-5C-1 on Corrosion by Cooling Wa- 
ters, South Central Region. Per Copy $.50. 

T-5C-1 Water Utilization and Treatment 
Efficiency of Gulf Coast Cooling 
Towers—A Report of the Recirculating Cool- 
ing Water Work Group of NACE Task Group 
T-5C-1 on Corrosion by Cooling Water 
Seate Central Region) Pub. 57-20. Per copy 





Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas, Add 65c_ per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 
1061 M & M Bldg. 








Houston 2, Texas 
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Henricks McAmis 












Bayles Lewis 


Metropolitan New York Section officers 
for 1959 are Chairman A. F. Minor, 
American Telephone and Telegraph Co., 
Vice Chairman B. C. Lattin, Ebasco 
Services, Inc., and Secretary-Treasurer 
S. N. Palica, Consolidated Edison Com- 
pany of New York. 

High Temperature Corrosion, a talk 
by E. N. Skinner, will be given at the 
section’s February 18 meeting in New 
York City. S 

The Metropolitan New York Section 
is a member of the Technical Societies 
Council of New Jersey. This council 
was organized in 1945 to coordinate the 
activities of the technical societies in 
New Jersey but has no jurisdiction over 
the activities of its member organiza- 
tions. 

Oscar O. Miller, research metallurgist 
with International Nickel Company, is 
1959 chairman of the council. 

The council’s annual conference is 
scheduled for March 30 at the Robert 
Treat Hotel in Newark, N. J. Tentative 
subjects are atomic power, science and 
engineering in the United States and 
Russia and other subjects pertaining to 
scientific and engineering problems and 
achievements. 

A. F. Minor, 1959 chairman of the 
NACE New York section, is the sec- 
tion’s senior delegate to the council and 
is membership committee chairman for 
the council. 

Twenty-three member societies have 
joined the council. 

e 


Pittsburgh Section will hear at its 
March 5 meeting a description of the 
activities of the Prevention of Deterio- 
ration Center of the National Academy 
of Sciences in Washington, D. C. C. J. 
Wessel, director of the center, will be 
the speaker. 
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Committee chair- 
men for the 1959 
Northeast Region 
Conference to be 
held October 5-7 in 
Baltimore, Md., have 
been appointed. They 
are as follows: 
Regional Meeting 
Chairman: John A. 
Henricks, Allied 
Research Products, 
Inc., Baltimore. 
Regional Meeting 
Administrative Com- 
mittee: James W. McAmis, Wash- 
ington Gas and Light Co., Washington, 
D. C., and A. Clifton Burton, Armco 
Steel Corp., Baltimore. 
Technical Program 
signments: Herman S. 
Navy Bureau of Ships, 
Ess. 
Registration Committee Assignments: 
A. Kenneth Schlerf, Food Machinery 
and Chemical Corp. 

























Garlock 


Committee As- 
Preiser, U. S. 
Washington, 


Hotel Committee Assignments: 
Charles B. Bayles, Davison Chemical 
Co. 


Plant Visit Committee Assignments: 
Herbert F. Lewis, Southern Galvanizing 
Co. 

Publicity Committee Assignments: 
Lewis G. von Lossberg, Sheppard T. 
Powell and Associates. 

Entertainment Committee: Howard 
M. Kelley, Ellicott Fabricators, Inc. 

Finance Committee: Neil B. Garlock, 


National Paint, Varnish and Lacquer 
Association. 


° 
Exhibits at the 1959 Corrosion Show 
will be staffed by experienced corrosion 
engineers qualified to answer questions 
on corrosion control. 
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e 
Phenolic, Epoxy, Latex Resins — 
All Type Applications! 


MINIMIZES CORROSION in Tanks —Vats — 
Pipes — all Containers, any Exposed 
Metal 

PROTECTS AGAINST highly concentrated 
Acids — Fumes — Caustics — Alkalies 
Abrasives — Heat 

PROVEN SUPERIOR in Resistance— 
Flexibility—Long Life—Reduction of 
Deterioration Under the Most Extreme 
Corrosive Conditions 


KERPON PROTECTIVE COATINGS 
Faster to Apply — Cost Less 


For an Easy Solution to Your 
Corrosion Problems — write 


KERR CHEMICALS, INC. 
Box 89 © PARK RIDGE, ILL. 
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Southeast Region News 


BIRMINGHAM OFFICERS recently elected include these shown above from left to right: W. W. 

Garrett, most recent past chairman, John B. Paisley, Jr., vice chairman, Marion M. Fink, 

secretary-treasurer and Lawrence R. Hicks, assistant secretary-treasurer. Chairman Ralph 
Cunningham is not shown. 


Section officers for 1959 are 
Chairman FE. J. Tilton, Jr., Vice Chair- 
man N. H. Bollinger and Secretary- 
Treasurer B. M. Botsford. 

* 
Birmingham Section heard Jay Steele, 
Steele and Associates, Inc., Atlanta, 
speak on Corrosion Protection of Un- 
derground Utilities in Houston Projects 
at the December meeting. A question 
and answer session was held after the 
talk. 

Plans were discussed for the section’s 

proposed corrosion short course, 

@ 
Members who register at the membership 
rate need to have their membership cards 
at the time they register. 

e 
All conference activities of the 1959 
NACE Conference and Corrosion Show 
will be held in the Sherman Hotel, Chi- 


cago. 


Miami 


THE MODEL M/i DECTECTOR IS A LOW 
VOLTAGE ELECTRICAL INSPECTION 
INSTRUMENT THAT WILL 

INDICATE PIN-HOLES, V 


DISTRIBUTORS 
Crutcher - Rolfs - Cummings Inc. 
Houston, Texas 

Remco rr Co., inc. 
lahoma 


Sa 
Edmonton, Alberta, Canada 
Bob Herrick 
Rentals & Service 
Harrisburg, Penna. 
Falcon Line Products Corp. 
Elizabeth, N.J. 
Export Agents . . . Frazer & Hansen Ltd. 
San Francisco, Calif. 


Electronic Detectors for every Industry 


ty 


ASF~417 AGOSTINO 


ROAD, P. O. 


See TINKER & RASOR 


BOX 281, SAN GABRIEL 


CALIFORNIA 


Western Region News 


Portland Section installed its new offi- 
cers at the January meeting. They are 
Chairman John Van Bladeren, North- 
west Natural Gas Co., Portland, Vice 
Chairman Otto Hudrlik, Flox Co., Inc., 
Portland, and Secretary-Treasurer Ralph 
M. Pool, Western Union Telegraph Co., 
Portland. 
e 


Los Angeles Section held a special 
Ladies Night at its December meeting. 
L. L. Whiteneck, NACE president, 
presented a paper designed primarily to 
give the wives an idea of the importance 
of corrosion control and to explain some 
of the functions of the corrosion engi- 
neer. 

This was the first program to which 
the ladies had been especially invited. A 
similar meeting for next year has been 
discussed. 


Copies of Papers 


Copies of papers presented at the 
15th Annual NACE Conference 
at Chicago can be obtained by 
registrants only. A procedure has 
been arranged whereby 

1. Persons who register at the 
conference may order copies of 
the papers in which they are in- 
terested. 


2. Orders must be placed at the 
conference registration desk dur- 
ing the conference. 

3. A small charge, sufficient to 
reimburse NACE for the cost of 
preparing photographic copies will 
be made for each paper ordered. 

4. Papers ordered will be copied 
after the conference is over and 
mailed. 

T. J. Hull, NACE executive 
secretary, said the association will 
not accept orders for copies from 
persons who are not registered 
at the conference, 
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Discussion of Papers 
To Be Emphasized 


Discussion of technical papers will be 
mphasized at the April 2-3 AIME 
Metallurgical Society Conference on 
Stress Corrosion Fracture to be held in 
he Mellon Institute, Pittsburgh, Pa. 
NACE, ASTM and the Electrochemical 
Society are cooperating in the con- 
ference. Five NACE members will pre- 
sent papers. 

Pre-prints of the 18 papers to be 
presented will be sent to pre-registrants 
to stimulate discussion during the con- 
ference. A request will accompany the 
pre-prints stating that any discussion 
should be submitted in writing to facili- 
tate handling the discussion period and 
for subsequent publication of the con- 
ference proceedings. 

Pre-registration inquiries should be 
sent to Professor William Bitler, Metals 
Research Laboratories, Carnegie Insti- 
tute of Technology, Pittsburgh, Pa. 

Schedule of the technical program 
with abstracts of the papers is given 
below. 


Session 1, April 2 
Theme: Introduction and Theoretical 
Aspects of Stress, Corrosion and 
Fracture. G. M. Pound, discussion 
chairman. 


Brief Remarks on Objectives of Conference 
by T. N. Rhodin. 


New Perspectives in the Stress Corrosion Prob- 
lem by H. H. Uhlig. 


Characteristics of Stress Corrosion Cracking by 
A. W. Dana. 


Relationships of Microstructure to Fracture by 
J. Gilman. 


Relationships Between Stress and Chemical 
Potentials by Ling Yang, G. T. Horne and 
G. M. Pound. 


Some of the more careful measurements of the 
electrode potential of uniaxially stressed pure 
metals show that tension makes the metal more 
noble while compression makes it less noble. 
The magnitude of the potential shift is about 
several tenths of a millivolt per 1000 psi. These 
results contradict the classical theory of Gibbs 
which shows that the chemical potential has 
properties of a tensor and predicts that either 
uniaxial tension of compression should make the 
metal less noble by several microvolts per 
1000 psi. 

This study shows that choice of a different 
set of physical constraints for transport of 
atoms leads to a chemical potential that is not 
of a tensorial nature and predicts electrode 
potentials in good agreement with observation. 
The plausibility of these non-Gibbsian con- 
straints in electrochemical processes is dis- 
cussed. 


Effects of Solid Structure on Surface Behavior 
by D. Turnbull and G. Ehrlich. 


Session 2, April 2 
Theme: Experimental Aspects of Stress, 
Corrosion and Fracture. H. H. Uhlig, 
discussion chairman. 


Propagation of Stress Corrosion Cracks by C. 
Edeleanu. 
The mechanism of stress corrosion cracking is 
assumed to be broadly similar in all cases and 
that there are only differences in detail from 
case to case. 
Stress corrosion cracking whether inter or 
transcrystalline is an apparently brittle failure 
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of alloys normally considered ductile. The rate 
of cracking is low by physical standards but 
high for penetration by corrosion. Some alloys 
are particularly prone to this type failure and 
finally the chemical conditions are specific for 
each case. 

The theories based on the assumption that 
the main factor in stress corrosion is rapid 
gprs due to an acceleration of corrosion 
by stress probably will not be able to explain 
the above facts. 

If rapid penetration by corrosion is not ac- 
cepted, it is necessary to postulate brittle 
fracture in spite of the bulk ductility of the 
alloys in question. This paper supports the 
view that the cracks progress in short brittle 
bursts ‘in the case of alpha brass in ammonia 
and it is postulated that the function of cor- 
rosion is to assist in the initiation of brittle 
fracture and not to cause appreciable penetra- 
tion. It is suggested tentatively that dezincifica- 
tion assists crack initiation but there may be 
other mechanisms in other alloy systems. 

The fact that brittle cracks can run at all 
in ductile material is attributed in the case of 
brass and copper gold alloys to the presence of 
short range order and the resulting slowing 
down effect on dislocation movement. There 
may be other mechanisms in other cases and in 
particular in cases of intercrystalline corrosion. 


Effect of Stress and Environment on the Micro- 
topology of the Corrosion Product by E. A. 
Gulbransen and T. Copan. 

Electron microscope and electron diffraction 
studies were made on the oxide and corrosion 
films of several metals and alloys after reaction 
at temperatures from 300 C to 800 C. Several 
environments were used: dry oxygen, oxygen 
saturated with water vapor at 25 C, oxygen 
saturated with water vapor near 100 C and pure 
steam. Samples were reacted with and without 
tensile stress. 

Transmission studies on the edge of wires or 
thin sheets of metals show the formation of the 
following unusual crystal habits: oxide whiskers, 
round platelets, blade-shaped platelets, serrated 
ylatelets and heavy needles. The oxide whiskers 
coed on iron when reacted with oxygen at 
500 C are 200 to 1000 angstroms in diameter 
and up to 500,000 angstroms long. When stress 
and water vapor are present, thin blade-shaped 
crystals and thin, round platelets of oxide 50 
to 100 angstroms thick form. For certain con- 
ditions, the platelets grow to heights of 100,000 
angstroms and 250,000 angstroms in length. 

Internal and applied stress, strain and the 
presence of water vapor have major influences 
on these unusual crystal formations. Carbide, 
nitride and other precipitates also play a major 
role. 

This paper proposes that localized chemical 
reaction in the vapor phase causes the formation 
of unusual crystal habits in the corrosion prod- 
uct. Deep pits and trenches of corrosion product 
form at these active sites of reaction. This 
process has been called chemical cutting. Re- 
actions in the liquid phase also occur at these 
active sites with or without the build up of 
unusual crystal habits. Corrosion under the 
influence of stress, therefore, can lead to sub- 
microscopic cracks and ultimate failure of the 
metal. 

Electron optical studies of vapor phase cor- 
rosion reactions offer a new method for locating 
sites for localized reaction and sites for 
initiation of stress corrosion cracking of metals. 


The Role of Corrosion Product in_ Stress- 
Corrosion Cracking of Austenitic Stainless 
Steel by N. A. Nielsen. ; 

A theory is presented which states that solid 
corrosion products cathodically deposited within 
active cracks in the steel exert a wedging action 
which develops lateral tensile forces. Combined 
with the residual and applied stresses present, 
these forces are sufficient to trigger spontaneous 
crack propagation. 

Experimental studies are cited to support this 
theory. The presence of inert, hydrated oxide 
corrosion product in the crack system is dem- 
onstrated by bromine-methanol etching of the 
cracked specimen. Preliminary data indicate that 
the corrosion product has primarily a cubic 
spinel structure and is enriched in chromium 
(over the base alloy). Microscopic examination 
shows that the corrosion product grows in a 
fringe- or fan-shaped form, following the advance 
of the crack. The product also has a surface 
topography thought to be a replica of the 
transgranular fracture surfaces. 


(Continued on Page 78) 





NBS Stress Corrosion 
Report Given by Logan 


A progress report by Hugh L. Logan 
on the Nation Bureau of Standard’s 
Project 4148 (Report No. 6192) on the 
mechanism of stress corrosion cracking 
of metals is as follows: 

1. Mechanism of Stress Corrosion 
Cracking of the AZ31 Magnesium Alloy. 

A paper giving results of this investi- 
gation is to be published in the Decem- 
ber issue of the Journal of Research of 
the NBS. The abstract of this paper 
follows: 

The mechanism of stress corrosion 
cracking of annealed AZ31B magnesium 
alloy in an aqueous NaCl+ K.CrO, 
solution was investigated. Cracking was 
predominantly an electrochemical proc- 
ess and was shown to be dependent on 
the rate of strain in the specimen fol- 
lowing loading in tension. It is postu- 
lated that cracks develop if the protec- 
tive film on the metal surface is ruptured 
(over narrow segments of the specimen) 
at a greater rate than it is repaired in 
the corroding medium. This would ex- 
pose film free metal that is anodic to 
the filmed metal. 

2. Stress Corrosion Cracking of De- 
carburized Steel. 

The paper giving results of this part 
of the investigation has not yet been 
completed. 

3. Stress Corrosion Cracking of Ship 
Plate Steels. 

Work is. continuing on the investiga- 
tion of the relative susceptibility to 
stress corrosion cracking of specimens 
from two pieces of fractured ship plate 
steel. One of these was a plate through 
which the brittle fracture passed com- 
pletely and had been shown to be very 
notch sensitive. The other was a plate 
that was much less notch sensitive and 
in which a fracture stopped. These 
plates are referred to as brittle and 
ductile plates respectively. 

Specimens from each plate were ex- 
posed, stressed by dead loading in ten- 
sion, in a boiling 20 percent NH,NO; 
solution. Failures by stress corrosion 
cracking occurred in specimens from the 
ductile plate stressed to or slightly 
above their room temperature yield 
strength (45,400 lb/in?) in as short an 
exposure period as 277 hours. No fail- 
ures occurred in specimens from the 
brittle plate, stressed to their room tem- 
perature yield strength (32,800 Ib/in*) in 
1800 hours. Specimens stressed to 143 
and 152 percent of their yield strength 
failed after 1344 and 820 hours respec- 
tively. 

_The exposure period to failure with 
either of these materials was reduced to 
% or less of the values listed above by 
making the specimens the anodes with 
an externally applied electric current 
density of approximately 0.06 ma/cm’. 
In all cases, with or without the appli- 
cation of an external current, the stress 
corrosion cracking was intercrystalline. 


(Continued on Page 79) 
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(Continued From Page 77) 


A chloride solution of 18-8 stainless steel was 
electrolyzed within a narrow crevice in a bire- 
fringent plastic block to demonstrate that 
hydroxides precipitating under constraint can 
exert hydrostatic pressure. Circularly polarized 
light was used to examine the stress distribu- 
tion within the plastic block at the crevice 
notch. Qualitative confirmation was obtained 
that measurable stress build-up can occur by 
the mechanism proposed. 


Oxide replicas of stress-corrosion micro- 
cracks in 18-8 stainless steel show that they 
consist of elongated grooves or troughs in the 
metal, primarily but not always transverse to 
the grinding direction. Each groove is the re- 
sult of localized chloride corrosion of the sur- 
face containing residual grinding (tensile) 
stresses. At the base of the groove is a narrow 
crevice containing a corrosion product fan 
growing into the metal. The fan is only a few 
hundred angstroms in thickness. At the site of 
formation, it fills the crevice and develops the 
additional lattice strain energy which supposedly 
triggers propagation of the crack. From the 
thickness dimension of the fans, it is concluded 
that the radius of curvature of the crack’s root 
is about the same as the lattice dimensions. On 
this basis, a high stress-concentration factor, 
possibly approaching 100, is postulated. 

Another approach to basic information on the 
nature of stress-corrosion cracking of stainless 
steel exists in microfractography. Stereo-electron 
micrography has resulted in new useful in- 
formation. 


Session 3, April 3 
Theme: Physical Metallurgical Aspects 
of Stress Corrosion, Part 1. F. L. 
LaQue, discussion chairman. 


Stress Corrosion Cracking of Single Crystals of 
Stainless Steel by H. W. Paxton, R. D. 
Leggett and R. E. Reed. 

Single crystals of austenitic steels with ap- 
proximate composition 18 Cr-8 Ni and 20 Cr-20 
Ni and of a ferritic steel containing 20 percent 
Cr have been grown, usually from the melt but 
with some success by a strain-anneal technique. 
A homogenization anneal, which serves also to 
improve the size and perfection of crystals, is 
followed by one of a variety of pre-selected 
cooling cycles. Experiments on unstressed single 
crystals and bi-crystals have shown considerable 
difference in the microscopic method of attack 
although over-all corrosion rates are not sig- 
nificantly different. 

Single crystals were stressed in tension in 
boiling magnesium chloride. The aim of the 
experiments was to try to distinguish between 
the various proposed theories of stress corrosion 
by utilizing the special advantage of single 
crystals. Some of the topics to be discussed 
include the plane of the crack, the necessity of 
plastic deformation and the nucleation of the 
crack. 


The Electrochemical Mechanism of Stress- 
Corrosion Cracking of Mild Steel by H. J. 
Engell. 

As a contribution to the research on _ stress 
corrosion of mild steel, the electrochemistry of 
the system iron-nitrate solution has been studied. 
Measurements of current-potential-curves of iron 
single crystals and poly-crystalline iron show 
that the ferrite crystal becomes passivated in 
concentrated, hot nitrate solutions, the grain 
boundaries remaining active. In dilute nitrate 
solutions, passivation of the grains occurs as a 
result of anodic polarization. This leads to an 
attack of the grain boundaries. The potential 
range of grain boundary attack was determined, 
and the influence of mechanical stress was 
studied. Measurements of the current-potential 
curves of cementite indicate that the inter- 
granular attack is not caused by the precipita- 
tion of this carbide. Nevertheless, the purity 
and the heat treatment of the metals has a 
pronounced influence on this type of inter- 
crystalline corrosion. The susceptibility of steel 
to this grain boundary attack depends on the 
heat treatment in the same manner as the 
susceptibility to stress corrosion cracking. 


The experiments described in this report dem- 
onstrate that the electrochemical behavior of 
steel in nitrate solutions is nearly the same as 
in hot, concentrated alkalies. The latter cause 
the same type of stress corrosion as the nitrate 
solutions. Quite different electrode reactions on 
steel take place in other salt solutions, produc- 
ing no stress corrosion, such as sulfates, 
perchlorates, chlorides, etc. 


The influence of 
potential of steel rods 
characteristic differences between the nitrate 
solution and other solutions which do not 
cause stress corrosion. During stress corrosion 
experiments, the electrode potential of steel 
shows characteristic deflections which are pro- 
duced by the formation of cracks in agreement 
with the electrode phenomena described. 


stress on the electrode 
was studied, showing 
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Stress-Corrosion Cracking in Low Alloy Steel 
by H. L. Logan. 


The stress-corrosion cracking of several SAE 
1020 steels and of several large grained speci- 
mens produced after the decarburization of 
some of them has been investigated. The cor- 
rodent was a boiling 20 percent aqueous solution 
of NHsNOs. 


Specimens mounted in individual cells were 
dead loaded in tension by means of lever sys- 
tems. No failures occurred unless the specimens 
were plastically deformed. An appreciable re- 
duction in area occurred in the fine grained 
specimens prior to the development of  stress- 
corrosion cracks; these cracks were confined to 
the highly deformed portion of the specimen. 
Intercrystalline corrosion was induced in speci- 
mens not subjected to external stresses but 
made the anodes in an external electric circuit. 
Specimens subjected to an anodic current and 
stress failed in about 1/6 the exposure period 
for specimens subjected to stress only. Both 
the specimens subjected to the anodic current 
and the large grained specimens failed with 
many more stress-corrosion cracks and much 
less plastic extension than was found in the 
fine grained materials. All stress-corrosion cracks 
were intercrystalline. 

The relative crystallographic orientations of 
the planes bounding the stress-corrosion cracks 
at their origin were determined in specimens 
from 3 lots of decarburized steel. The crystallo- 
graphic planes on which cracking developed 
were randomly distributed. There was no plane 
nor family of planes that appeared to be par- 
ticularly susceptible to stress corrosion crack- 
ing. Stress corrosion cracking developed at high 
energy grain boundaries, that is, where the 
orientations of the bounding crystallographic 
planes were appreciably different. 

It is postulated that the stress corrosion 
cracks originate by an electrochemical process 
at high energy grain boundaries. Crack propa- 
gation occurs if the stress-induced strain rate 
is sufficiently high to rupture and prevent a 
protective film from reforming at the tip of the 
cracks. 


Stress Corrosion Cracking of Austenitic Stain- 
less Steels in High Temperature Chloride 
Waters by W. W. Kirk, F. H. Beck and 
M. G. Fontana. 

Stress corrosion cracking of austenitic stainless 

steels was studied under various conditions of 

stress, chloride concentration, temperature, time 
and intermittent wetting and drying of the 
specimen. Types 347, 316 and 304 stainless steel 

specimens will crack at stress as low as 2000 

pst at 50 ppm NaCl. Reduced temperatures in- 

crease the time necessary for the onset of 
cracking but have no effect on the stress 
necessary to produce cracking. 

Testing was conducied in stainless steel auto- 
claves and in a_ system designed to enable 
continual observation of the specimen during a 
test. This system permitted motion picture 
studies of crack initiation and propagation. Such 
observations indicate the intimate connection 
between pitting and cracking with the forma- 
tion of corrosion products accompanying both 
processes. Crack initiation apparently has some 
dependence on the geometry of pits. Cracking 
was always observed to begin at the site of 
a pit. 

Propagation of stress corrosion cracking oc- 
curs im a_ series of short bursts. Each pro- 
gression of the crack tip is very rapid, but 
the interval between successive moves varies 
from a few seconds up to several minutes. This 
permits only an approximation of the over-all 
rate of propagation. The arresting point of a 
crack has little correlation with the structure 
of the material, applied stress or the chloride 
concentration of the corroding medium. This 
observation was made possible by the limitation 
imposed in beam loading of the specimens. Onl 
the early stages of cracking could be studied. 

A movie made in conjunction with this in- 
vestigation describes the experimental apparatus, 
initiation and propagation of stress corrosion 
cracks and the correlation of cracking with 
metallurgical structure. A proposed mechanism 
of stress corrosion cracking is based on periodic 
progression of a crack plus the contributions of 
stress and electrochemical dissolutions. 


The Phenomena of Fissuration and Fracture in 
Steel in the Presence of Hydrogen by P. G. 
Bastien. 

This investigation indicates that the effects of 
hydrogen on steel are not apparent as long as 
the latter will keep within the elastic field. 
Should the stress to which the metal is sub- 
jected cause it to move into the plastic field, 
an embrittlement effect will occur which will 
vary with the temperature, the rate of straining 
and the time after electrolytic charging. The 
writer’s experiments have revealed a preferred 
localization of protons in the planes and made 
it possible to pune a tetraedral location of 
hydrogen in the cubic body centered lattice of 
alpha iron. 

The micrographic structures with fine and 
scattered globular carbides are much less sus- 
ceptible to hydrogen embrittlement than the 
lamellar structures. As a result, it has been 
possible through application of a technique in- 
volving a controlled hydrogen electrolytic charg- 
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ing to choose the tubing steels, now successful!y 
used at LACQ’s gas field. 


Session 4, April 13 

Theme: Physical Metallurgical Aspects 

of Stress Corrosion, Part 2. E. } 
Kreh, discussion chairman. 


Dependence of Stress Corrosion Cracking Su:- 
ceptibility on Age-Hardening in a Coppe:- 
Nickel-Silicon Alloy by W. D. Robertsor, 
V. Nole, E. G. Greiner and W. Davenpor:. 


Crack Propagation in Ductile Crystals and It; 
Bearing on Stress Corrosion by A. J. Fort: 
and H. H. Willis. 

The study of transcrystalline cracking in alph. 

brass is discussed in detail. The propagation o 

a crack depends on its velocity and the rat: 

at which the metal around its tip can yield t: 

relieve the stresses concentrated there. 

The essential role of the corrosive environ 
ment lies in the initiation of the cracks. This i 
thought to occur through the formation of a1 
embrittled zone which cracks fairly readilh 
under a tensile load. The zone must be large 
enough to allow a crack to form and then reac 
the critical velocity of propagation so _ that 
brittle fracture can be maintained when it 
emerges into the normal metal. 

The way in which the embrittled zone i 
produced _by the chemical environment is not 
proved. Dezincification is thought to be most 
likely. Stress corrosion cracking occurs in cor 
rosive environments producing a selective attack 
and not under conditions where a _ uniform 
solution of the metal takes place 

A useful experimental model of stress cor- 
rosion cracking is provided by the slow cleavage 
of sodium chloride crystals in air. Extensive 
plastic yielding rather than cleavage occurs 
when the crystals are deformed under water or 
in an atmosphere of helium or argon. It is 
suggested that sodium chloride is inherently 
ductile but that surface embrittlement by ex- 
posure to air assists crack formation and that 
these cracks lead to cleavage provided they 
reach the critical velocity to overcome the 
tendency for yielding. 


Effect of Composition on Stress Corrosion 
Cracking of Some Alloys Containing Nickel 
by H. R. Copson. 

A series of alloys was prepared with the nickel 

content ranging from 8 to 80 percent with the 

chromium held at 18 to 20 percent and with 
the balance essentially iron. These were drawn 
to wire, loaded in tension, exposed to boiling 

42 percent magnesium chloride solution and the 

time to cracking observed. 

Some specimens with 8 percent nickel broke 
within an hour. The time to cracking increases 
rapidly with nickel content and alloys with 
more than 45 to 50 percent nickel seemed 
immune to cracking. The time to cracking also 
increased rapidly as the nickel content decreases 
towards zero. In a plot of time to cracking 
against nickel content, the cracking failures 
could be enclosed by a U-shaped curve. Small 
amounts of titanium, columbium, molybdenum 
or copper, or of variations in the chromium con- 
tent were without significant effect. The several 
mechanisms which have been proposed to ex- 
plain the stress corrosion cracking of austenitic 
stainless steels are reviewed, but none seems to 
explain adequately the effect of nickel content. 

Attention is given to the fact that the U- 
shaped curve is similar to those obtained by 
Graf for homogeneous alloys. Some additional 
stress corrosion cracking test results are de- 
scribed, particularly for iron-nickel alloys, and 
these seem to fit similar curves. The implica- 
tions of these results are discussed. 


Summary and Comments on Conference by L. R. 
Sharfstein. 


Oklahoma University 
To Operate Power Reactor 


The University of Oklahoma at Nor- 
man has been notified by the AEC of 
the proposed issuance of a license for 
the university to operate a low-power 
teaching reactor. 

The reactor, operating at a maximum 
power level of 15 watts, will be used for 
instructional purpose in various fields of 
nuclear technology. 


AEC Training Program 


The Atomic Energy Commission has 
established a training program for su- 
pervisory personnel of domestic and 
foreign organizations engaged in the 
design, construction or operation of nu- 
clear power plants. 
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NBS Report- 


(Continued From Page 77) 


It has also been shown that intercrystal- 
line corrosion will develop in specimens 
not subjected to external stresses but 
made the anodes with an applied current 
lensity of 0.06 ma/cm’. 

To supplement the data obtained on 
the ship plate steel in the boiling 
NH.NO; solution specimens from two 
lots of low carbon steel are being ex- 
posed under stress in this solution. One 
of these steels was silicon killed; the 
second was aluminum killed. Specimens 
of these steels have been stressed to 
their room temperature yield strengths 
(49,700 and 46,200 lb/in’) respectively 
for 1475 hours without failure. A speci- 
men of the silicon killed steel stressed 
to 110 percent of its yield strength failed 
in approximately 550 hours. 

4. The Role of Hydrogen in the 
Mechanism of Stress Corrosion Cracking 
of Low Alloy Steel. 

A preliminary run made with the 
specimen and apparatus planned for this 
work has indicated the feasibility of 
the method. A group of specimens has 
been heat treated to a hardness of 35 
Rockwell C scale. These will be exposed 
under stress in a 0.5 percent acetic acid 
solution saturated with HS. It is the 
opinion of some observers that hydrogen 
plays an important part in stress corro- 
sion cracking in this medium. 

Expenditures for the quarter ending 
September 30, 1958 were: 


SAAC Mr caries Kauese ero wens $3300.00 
OHMEROBICCES: oe a5 sce ci eee 1500.00 
Bureau supervision & services.. 1100.00 

Total wee cee PO OOO00 


New Publication to List 
Technical Translations 


Technical Translations, a semi- 
monthly publication from the Office of 
Technical Services, Department of Com- 
merce, Washington 25, D. C., will serve 
as a central source of information on 
Russian and other technical translations 
available to science and industry. 

It will list and abstract translated 
material available from U. S. govern- 
ment sources, Special Libraries Asso- 
ciation, cooperating foreign govern- 
ments, educational institutions and pri- 
vate sources. 


Nuclear Fuel Symposium 


Corrosion problems involved in nu- 
clear fuel elements were discussed by 
J. E. Draley, Argonne National Labora- 
tory, at First International Symposium 
on Nuclear Fuel Elements held Jan. 28- 
29 in New York City. 

The symposium was sponsored jointly 
by Columbia University and Sylvania- 
Corning Nuclear Corporation. 


Bearing Inventions Wanted 


The Armed Forces have asked civilian 
inventors for ideas on a bearing of non- 
corrosive steel to replace those which 
must be packed in grease. 

Bearings of corrosion resistant steel 
with a load rating equal to that of bear- 
ing steel would reduce lubrication diffi- 
culties in the field. 


GENERAL NEWS 


... With CHEMISEA 
Fluorocarbon 
Plastic linings 
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asket Plastic: Duision of 
GARLO CK 





® From areactor pot to a tank truck—Chemi- 


seal Fluorocarbon Plastic linings, offer the 
way to make any ordinary equipment and 
piping extremely resistant to acids, alkalies, 
oxidants and solvents at temperatures up to 
350°F —and at reasonable cost. 


Chemiseal Fluorocarbon Plastic sheet, 
Garlock No. 9574, is durable, shatterproof, 
abrasion resistant, chemically inert. It is 
readily cemented over any contour and 
to any material of construction— metal, wood, 
concrete, etc. Being a thermoplastic resin, 
seams may be ‘‘welded”’, on the job by the 
thermal pulse technique, into a continuous 
chemically-impregnable lining. 


CERTIFIED APPLICATORS — Chemiseal 
Fluorocarbon Plastic lining material is avail- 
able for installation by the following certi- 
fied applicators. 

Atlas Metal Protection, inc., Houston, Texas 

The Barber-Webb Company, Inc., Los Angeles, Cal. 

Belke Mfg. Co., Inc., Chicago, Ill. 

Buckley Iron Works, Dorchester, Mass. 


Electro-Chemical Engrg. & Mfg. Co., Emmaus, Pa. 
Metalweld, inc., Philadelphia, Pa. 


Write for Bulletin AD-152. 


Special Products Department 
UNITED STATES GASKET COMPANY 
Camden 1, New Jersey 
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The original characteristics fabricated 
into the coating materials by their 
manufacturers are protected by the 
use of small batch kettles, filled, 
heated and used in rotation at 
Stdndard Pipeprotection Inc. 
Prolonged heating of large batches 
might alter the softening point, 
penetration and performance 
characteristics of the materials. 


Original characteristics are further 
protected by electrically operated 
burners, electric eye control of flame, 
recording thermometers, thermostats 
to prevent overheating and cradle 
agitators to preyent sedimentation 
of the fillers, thereby eliminating 
any formation of coke. 


Only at SPI, do you get this added 
protection for your pipe. 
Write for our new catalog. 


Contact Our Nearest Representative 

C. J. ARNBRECHT, Jr., 5315 Sandra Way, Arvada, Colo 
R. W. KINKER, 712 Main St., Grinnell, la 

A. P. BAKER, Jr., Box 2429, Midland, Tex 

ROGER HORNBOSTEL, 759 Houston St., Memphis Tenn. 
BASIL SHARP, 5763 E. 26th Place, Tulsa, Okla 


standard 
pipeprotection 
Tie 


BRENTWOOD BLVD. 
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BOOK NEWS 


Fine Particle Measurement. By Clyde 
Orr, Jr. and J. M. DallaValle. 353 
pages, 54% x 8% inches, cloth. 1959. 
The Macmillan Co., 60th Fifth Ave., 
New York 11, N. Y. Per Copy, $10.50. 


A comprehensive treatise on fine par- 
ticle measurement. Some of the con- 
tents are: Significance of measurement 
techniques and their selection, particle 
size by microscopy and sieving, sedi- 
mentation for determination of particle 
size, inertial techniques, particle size 
from radiation scattering and transmis- 
sion, surface area from permeametry, 
gas adsorption for surface area measure- 
ment, measurement of surface area from 
liquid phase sorption, other methods 
and pore size and pore size distribution. 


An appendix gives numerous tables of 
results and a 43-page bibliography cov- 
ers literature to 1937, There is an alpha- 
betical subject index. Numerous data 
are graphed and diagrams are given of 
equipment. 


Chemical Resistance of Plastics (Second 
Edition), 23 pages, 8 x 113% inches, 
paper. Jan. 1958. Staatsmijnen in Lim- 
burg, Geleen, P. O. Box 18, Nether- 
lands. Availability not indicated. 


Data are given on the chemical resist- 
ance of plastics. The pamphlet is di- 
vided into two parts, Tabulated infor- 
mation is given by classes of materials 
versus trade names, with the names and 
addresses of manufacturers opposite 
trade names. The form in which the 
plastics are found is keyed to numerical 
designations in a fourth column. These 
designations refer to a table listing ten 
forms. 

The second part of the brochure is a 
table showing chemical resistance. Hori- 
zontal ordinate consists of materials; 
vertical ordinate consists of various cor- 
rosive agents ranging from acetic to 
vegetable oils. Included within the 
squares denoting uses for which plastics 
are suited are numbers denoting maxi- 
mum temperature limits. The squares 
are filled in colors to denote suitability, 
which indicate degree of usefulness ver- 
sus the corrosive or whether unsuitable. 


ASTM Southwest District 
To Meet in Houston Feb. 26 


Annual meeting of the southwest dis- 
trict of ASTM is scheduled to be held 
in Houston February 26. 


ASTM President K. B. Woods of 
Purdue University will give the main 
address on Polar Construction. Execu- 
tive Secretary Robert J. Painter is also 
expected at the meeting. 

Reservations can be made through 
J. L. Ainsworth, Texas Butadiene and 
Chemical Corp., Channelview, Texas, or 
Frank Chairez, Eastern States Petro- 
leum and Chemical Corp., Houston. 
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Three-Way Reduction 
in Maintenance Costs! 


Humble coatings last six months to a year longer than most other 
paints. You save twe ways — cn paint and labor. The third, and most 
important, way you save is this: you get better protection, which means 


l longer life for expensive equipment. 


Humble coatings contain rust-preventing ingredients that not only 
provide surface protection, but also neutralize any corrosive elements 
that may penetrate the surface protection and attack the metal. These 
coatings were specially developed to give maximum protection in re- 
fineries and chemical plants where strong acids, alkalis and salt sprays 


produce severe corrosive conditions. 


Without cost or obligation, one of Humble’s trained engineers will 
make a thorough study of your needs and recommend a complete paint- 
ing program for you. Call your nearest Humble representative, or 


phone or write: 
HUMBLE OIL & REFINING COMPANY 
Consumer Sales, P.O. Box 2180, 
Houston 1, Texas 


Humble Coatings Give You 
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Humble’s line of 
coatings includes — 


* RUST-BAN® ~ * Vinyls 

* Epoxies * Acrylics 

* Phenolics * Enamels 

* Tank coatings °* Hot surface coatings 


® Interior and exterior 
emulsion-type paints 
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NEW PRODUCTS 
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Aluminum 


Transmission Towers made of aluminum 
are being planned by the Public Service 
Electric & Gas Co., Newark, N. J. Sixty 
towers on a double circuit, 230 kv line 
from Hillsboro to North Branch, N. J., 
are scheduled for construction this fall. 
These towers will be the first to be made 
completely of aluminum. 
o 


Heavy End Aluminum Pipe is being pro- 
duced through a new extrusion process 
developed by Reynolds Metals Co., Rich- 
mond, Va. The pipe offers increased 
strength and thickness at pipe ends 
where welded or threaded joints are 
made with less metal used in the pipe 
body. 


Address Changes 


Federated Metals’ St. Louis sales office 
has moved to a new plant at Alton, II. 
Federated is a division of American 
Smelting and Refining Company. 

@ 


Corrosion Services Inc., Tulsa, has an- 
nounced a change of mailing address 
from Tulsa to P. O. Box 787, Sand 
Springs, Okla. 


Alloys 


Hastelloy Fabrication information is 
given in a new booklet available from 
Haynes Stellite Co., Kokomo, Ind., or 
its district offices. Step-by-step proced- 
ures and recommendations for welding, 
forming and finishing Hastelloy Alloys 
B, C, D and F are presented. 
e 


A New Air-Hardening, weldable and 
martensitic alloy has been developed by 
the Carpenter Steel Co., Reading, Pa. 
The alloy is designed for highly stressed 
parts at temperatures up to 1050 F where 
joining is a problem. 


Coatings 


Urethane Coatings are described with 
suggested uses in a brochure available 
from Poly Form Manufacturing Co., 
Escondido, Cal. 

@ 


Yellow Pigment that will retain its color 
in outdoor exposures is being produced 
by Harshaw Chemical Co., Cleveland. 
Two new nickel containing pigments, 
Sun Yellow N and Sun Yellow C, have 
been developed that will retain their 
color in temperatures over 1000 F and 
will resist acids. 
e 

A New Phenolic-Vinyl System of main- 
tenance coatings for metals developed by 
Union Carbide Plastics Co., division of 
Union Carbide Corp., is reported to 
eliminate sandblasting surface prepara- 
tions. A phenolic resin-based primer and 
vinyl top coat give protection without 
costly surface preparation. 


New Plants 

New Research Center and headquarters 
building has been opened by Hagan 
Chemicals & Controls, Inc., P. O. Box 





Vol. 15 


Materials 
Weel estat a=) 








1346, Pittsburgh, Pa. Laboratory facili- 
ties will be used for research on deter- 
gents, water process, biology, corrosion, 
organic chemistry, boiler water, water 
chemistry and metallographic identifica- 
tion. 

® 


U.B.S. Chemical Corporation, manufac- 
turer of polymer chemical products, has 
announced that its new plant will be 
built at the Massachusetts Industrial 
Center in Marlborough. 


Automation Services, Inc., Detroit 38, 
has announced formation of its new 
Hydra-Blast Manufacturing Division. 
The division will produce compounded 
a abrasives and related sup- 
plies. 


Non-Metallics 


Precision Ceramic Parts (99.5 percent 
alumina), high density iron oxide for 
ferrites, silver metal preparation, indium 
and germanium available from foreign 
countries will be distributed in the 
United States by Materials for Electron- 
ics, Inc., Continental Hotel, Jamaica 
a4, Nu Y. 
® 


Technical Data on manufactured graph- 
ite for nuclear applications are published 
in a new bulletin available from National 
Carbon Co., 535 Fifth Ave., New York 
17. Tabular data give graphite’s proper- 
ties, high-temperature strength and re- 
sistance to corrosion and thermal shock. 


Nuclear Irradiation 


Joint Research to determine how steel is 
affected by nuclear irradiation is being 
conducted by United States Steel Cor- 
poration and Nuclear Science and Engi- 
neering Corporation, Pittsburgh. The 
research is expected to result in im- 
proved steels for use in nuclear reactors, 
valves, pumps and other equipment. 


Pipeline Equipment 

Minnesota Mining and Manufacturing 
Co., 900 Bush St., St. Paul 6, Minn., has 
announced a power-driven pipe taping 
machine capable of cleaning, priming, 
taping and overwrapping small diameter 
pipe automatically. The machine accom- 
modates pipe sizes to 2 inches and auto- 
matically performs the four operations 
on more than 2500 feet of pipe per hour, 
according to the company. 


Plastics 


Hard Rubber Tanks made of Ace Tem- 
pron, developed by American Hard Rub- 
ber Co., 200 East 42nd St.. New York 
17, have withstood hot corrosives and 
severe mechanical abrasion during three 
years of operation. 

e 


Rigid PVC Molding without thermal de- 
composition has been developed by 
Union Carbide Plastics Co., Division of 
Union Carbide Corp. More complex 
shapes, thinner sections, better weld 
strengths and improved surfaces are pos- 


sible with the new process, according to 
the company. 
* 

New Texas Company will specialize in 
manufacturing and distribution of plas- 
tics used in prevention of corrosion ot 
underground pipes and fittings. Tejas 
Plastics Material Supply Co., P. O. Box 
11302, Fort Worth, is headed by R. B, 
Bender, chairman of the NACE North 
Texas Section. 


e 
Safe-T-Clad Tapes will be distributed in 
the eastern United States by Royston 
Laboratories, Inc, The tape is produced 
by Seamless Rubber Co., New Haven, 
Conn. 


® 
Diphenolic Acid will be supplied by S. C. 
Johnson & Son, Inc., under the trade- 
mark of DPA. It is used as a raw ma- 
terial and additive for polymers and 
coating compositions, plasticizers, oxi- 
dation-corrosion inhibitors, and lubrica- 
tion applications. 
« 


Uniparr, a pre-stressed fiber glass sheet 
material produced by X-Port Oils, Inc., 
Plastics Division, 851 E. 60th St., Los 
Angeles 1, is being used in verticle slide 
screens 2614 x 12 feet to strain salt water 
from the Pacific Ocean for heat ex- 
changer use. They are designed to with- 
stand 25-ton loads in the corrosive en- 
vironment. 
® 


Longer Pot Life and low volatility are 
among the advantages achieved from 
three new dicarboxylic anhydride hard- 
eners for epoxy resins offered by Allied 
Chemical’s National Aniline Division, 40 
Rector St., New York 6. Called Dode- 
cenyl Succinic, Methyl Nadic and Hexa- 
hydrophthalic, they serve as curing 
agents in the preparation of tools and 
dies and industrial baked coatings. 


Stills 


Sterile, Pyrogen-Free Water for indus- 
trial, hospital and laboratory use can be 
produced by a distillation unit to be 
manufactured and marketed by Wilmot 
Castle Co., Rochester, N. Y. 


Tapes 


Polyken Tape is being used to protect 
the 1570-mile pipeline system from Baton 
Rouge, La., to Cutler, Florida. The tape 
is distributed by the Polyken Sales Di- 
vision of the Kendall Company, Chicago. 


Titanium 


Titanium Tubing used in five plating 
tanks with 25 percent chromic-acid solu- 
tion has been in service over a year with 
no evidence of acid attack, according to 
the Van Der Horst Corporation of 
America,, Olean, N. Y. The tubing is 
used for in-tank heating and cooling of 
the plating solutions and was supplied 
by Superior Tube Company, Norris- 
town, Pa. 
& 

Welded Titanium Tubing is being used 
in a cold water heat exchanger for cool- 
ing caustic soda, sodium hypochlorite 


(Continued on Page 84) 
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Samples prior to testing 















A-53 Steel 





Low Alloy Cu-Ni Steel 





produces small protuberances. 





4-D Wrought Iron 









4-D Wrought Iron exhibits decided superiority 
in corrosion-resistance over other metals in six 
months’ exposure tests in 3% aerated salt solution. 

Recent testing at A. M. Byers Company Labo- 
ratories shows 4-D Wrought Iron wholly resistant 
to corrosive penetration while ferrous substitutes 
evidence severe pitting. Maximum depth of 
attack—in just three months—is 34 mils for A-53 
steel and 25 mils for low alloy, copper-nickel steel. 









This aerated salt water test is continuing and will be 
extended to one year. Further results will be published. 
We would welcome an opportunity to relate the results 
of this test—and other comparative corrosion tests—to 
your corrosion problems. Ask the Byers representative 
to call. Or write: Engineering Service Department, A. M. 
Byers Company, Clark Building, Pittsburgh 22, Pa. 


a BYERS 4-D WROUGHT IRON 


Xl 
TUBULAR AND FLAT ROLLED PRODUCTS 


ALSO AMBALLOY ELECTRIC FURNACE STEELS, PVC PIPE, 
SHEET AND ROD STOCK 


Corrosion costs you more than Wrought Iron 


February, 1959 GENERAL NEWS 


Salt water corrosion test results 


After 6 months’ exposure 


Heavy uneven coating of red rust 
underlaid with black magnetic oxide. 








Light coating is characteristic. 
No evidence of tuberculation. 
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After cleaning & measuring 





Areas of attack are localized. 
Max. pit depth 34 mils. 


Much the same as A-53 Steel. Heavy tuberculation Surface is uneven, pitted, wavy. 


Max. pit depth 25 mils. 


Surface is uniform. No evidence 
of pitting. 


Note: Comparable surface preparation was assured 
by checking with “Surfindicator.” 


TEST CONDITIONS 
Test Medium—3 % sodium chloride solution 


Test Temperature— 
Room temp.—68-75°F., average 70°F. 


pH—Average 7.8 
Aeration Rate—3400 cc./min. +10% 


Solution Volume— 
32 liters replenished 3 times a week 


Coupon Size—1” x 2” x 1g” to 4” 


Coupon Preparation— 
Polished with 100-grit carborundum ona 
belt grinder 


Test Period—3 months; data obtained monthly 


Materials Tested— 
4-D Wrought lron—edges coated 
A-53 Steel 

Low Alloy Cu-Ni Steel 
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COMPLETE 
CORROSION 
SERVICE. . . 


Wayne A. Johnson, president, 
and his associates in Corro- 
sion Rectifying Co., Inc., are 
well-known corrosion preven- 
tion specialists with head- 
quarters in Houston and 
Southeastern Divisional of- 
fices in New Orleans. Their 
work is concentrated on de- 
signing and installing corro- 
sion rectifying systems for 
pipelines, refineries and oil 
producing companies. Call on 
them for prompt and experi- 
enced surveys, systems and 
materials. 


© SURVEYS 

@ FEASIBILITY STUDIES 
© DESIGNS 

@ INSTALLATIONS 

© EQUIPMENT 


WAYNE A. JOHNSON 
President 





JAMES T. CONDRY 
Southeastern 
Division Manager 





CORROSION RECTIFYING CO., INC. 


5310 Ashbrook MO 7-6659 
P. O. Box 19177 HOUSTON, TEXAS 








NEW PRODUCTS 


(Continued From Page 82) 


solution during chlorination. Kuehne 
Chemical Co., Elizabeth, N. J., states 
that maintenance costs were cut by the 
use of titanium tubing“rather than glass 
tubing. 


Valves 


Three Valve Bulletins are available from 
Alloy Steel Products Co., Inc., Linden, 
N. J., that give information on Aloyco 
20, the special austenitic stainless steel 
recommended for valving sulfuric acid 
and other severely corrosive liquids, cast 
Monel and nickel valves and Aloyco 150 
and 300 valves designed for fluids diffi- 
cult to move at room temperatures. 
@ 


New Branch Warehouses have been 
opened by Ohio Injector Company in 
Los Angeles (3045 E. 12th Street) and 
Houston (2822 Canal Street). The com- 
pany manufactures industrial valves. 


Welding 


Seelye Plastic Welder, available from 
Seelye Craftsmen, 984 Central Ave., 
Minneapolis 13, is being used to weld 
such materials as plasticized vinyl tank 
linings, unplasticized rigid polyvinyl 
chloride and polyethylene. It operates on 
110 volt a-c current and compressed air 
or nitrogen and has an automatic feed 
tip. 

@ 
New Gas Filler Rods for welding high 
strength bronzes and brasses has been 
developed by Ampco Metal, Inc., 1745 
South 38th St., Milwaukee 46. They can 
be used to repair and build up bearing 
surfaces on steel, cast iron and malleable 
iron and in many corrosive media. 

e 
Automatic Rail Welding System has 
been introduced by Chemetron’s Na- 
tional Cylinder Gas Division, 840 N. 
Michigan Ave., Chicago 11. Slowness of 
previous welding methods _ prohibited 
widespread use of welding rather than 
the conventional bolted rail joints. Sur- 
veys by the American Railway Engi- 
neering Association show that welded 
rail saved an annual average of $981 for 
every mile of track because it lasted 
longer and cost less to maintain. 


C. Gregg Geiger has been promoted to 
general sales manager of the Johns-Man- 
ville Durch Brand Division. 

e 
Walter Schielke and J. H. Long have 
been appointed regional contracting man- 
agers by United States Steel Corpora- 
tion. Mr. Schielke will be in the Houston 
office; Mr. Long in New York City. 

% 





Ralph A. Schaefer, research chemist and 
NACE member, has been named director 
of the newly created research and de- 
velopment department of the Bunting 
Brass and Bronze Co., Toledo. 

& 


J. L. Mauthe, chairman of the Youngs- 
town Sheet and Tube Company, will re- 


ceive the AIME Benjamin F. Fairless 
Award in recognition of distinguished 
achievement in iron and steel production. 
The award will be given at a Feb. 17 
meeting of the Aime Metallurgical So- 
ciety in San Francisco. 

@ 
Ed Moor has joined the International 
Rectifier Corporation staff as a rectifier 
field engineer in the New York area. 

8 
William R. Penland, NACE member, 
has been appointed assistant southeast- 
ern division manager for Corrosion Rec- 
tifying Co., Houston. His office will be 
in Lafayette, La. 


3 
Edward Sullivan and Henry John Reed 
have been appointed project engineers 
for the Barrett Division of Allied Chem- 
ical Corp., New York City. 

a 


Gilbert R. Semans, NACE member, has 
been appointed chief steel metallurgist 
for A. M. Byers Co., Pittsburgh, Pa. 

* 
David R. Stern has been named manager 
of research at the Los Angeles plant of 
American Potash & Chemical Corpo- 
ration. 

° 
Frank R. Jones, mine manager, Stanrock 
Uranium Mines, Ltd., Ontario, Canada, 
has won the Robert Peele Memorial 
Award given by the Society of Mining 
Engineers for a technical paper pub- 
lished in the Society’s magazine. 

8 


J. D. Mattimore has been appointed vice 
president for product engineering and 
research of Tube Turns Division of 
Chemetron Corporation. 


2 

Charles E, Petty and Hugh Snyder have 
joined the staff of the Walter Weyman 
Co., which has moved to enlarged fa- 
cilities at 607 Addison St., Berkeley 10, 
Cal, 

e 
Walter Shannon has been appointed di- 
rector of pipe line engineering by Gulf 
Oil Corp., Pittsburgh, Pa. 

® 


Carl J. Tylka has been appointed direc- 
tor of technical service for Cooper Alloy 
Corp., Hillside, N. J 

e 
James K. Watkins, chief engineer at 
Crucible Steel Company’s Midland plant, 
died Nov. 13. 

¢ 
Leslie S. Wilcoxson, vice president of 
the boiler division of the Babcock & 
Wilcox Company, has been elected to 
a 3-year term as executive committee 
vice chairman of the Engineering Foun- 
dation Welding Research Council. 

8 
Benjamin F. Barnwall, vice chairman of 
the NACE Greater Boston Section, has 
been appointed sales representative for 
the eastern New England area by Lith- 
cote Corporation. 

e 
Elmer Lehmkuhl, Martin Boyer and 
Durward B. Vaught have been added to 
the sales staff by Arcair Company, Lan- 
caster, Ohio. 

8 
Lauchlin M. Currie has been elected a 
vice president of the Babcock & Wilcox 
Company, New York City, and will be 
in charge of the company’s atomic energy 
division. 

% 
Robert J. Kurtz, Jr., is a new field serv- 
ice engineer for A. M. Byers Company’s 
Pittsburgh division office. 
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portrait of a power hog 
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When water flow capacities go down and pumping costs go up, the culprit is usually twberculation. 
The way to deal with this power hog is right on his own ground — the inner surface of the water 
main. Here Calgon,® the simple and inexpensive way to deal with corrosion,{ goes to work. By 
interposing a tough film between the metal surface and water, Calgon definitely controls corrosion. 

Calgon treatment of the water is particularly effective after mechanical main cleaning because 
of its fast film-forming ability. Protection for freshly scored metal surfaces is quickly built up 


and easily maintained. Calgon treatment is as inexpensive as it is effective — a few ppm control 










tuberculation and other corrosion problems as well. 





A letter or phone call will bring you more informa- 


tion on how Calgon can help. Or, an experienced CALGON COMPANY 


Calgon engineer will be glad to make detailed recom- d'!v'sion oF HAGAN CHEMICALS & CONTROLS, INC. 


i i HAGAN BUILDING, PITTSBURGH 30, PA. 
mendations ye specific problem. In Canada: Hagan Corporation (Canada) Limited, Toronto 








+Fully licensed under U.S. Patent 2337856 
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Graphite anodes 
Rectifier 

Anode cable 

Oil storage tanks 


Gas and water lines 


FIRST ST. 


Buildings 


RACE ST. 


PROTECTION OF 
“IN PLANT” UNDERGROUND 
PIPING AND TANK BOTTOMS 


The corrosion engineer of a large industrial products manu- 
facturer with underground gas and water lines spread through- 
out a plant area of approximately 15 acres, was concerned with 
mounting maintenance costs. After a corrosion survey he de- 
cided to install an impressed current cathodic protection 
system with “National’’ Graphite Anodes and Carbonaceous 


Backfill. 
In 1951, six inch and eight inch water lines were bonded to 


four inch gas lines and to six 25 foot diameter oil storage “National” _ 
tanks. These in turn were connected to the negative sides of GRAPHITE ANOD 
two 25 amp rectifiers. A distributed anode bed with six 2” x 80” *f 
graphite anodes installed in vertical holes 12” diameter with 
carbonaceous backfill was connected to the positive side of 
each rectifier. The underground pipe lines and tank bottoms 
were brought to a minimum pipe to CuSO, half cell potential 
of .85 volts with a current output approximately 15 amps and 
22 volts per rectifier. Later as the metal became polarized this “National” 
current was reduced. In 1953, an additional graphite anode Calcined 
was installed to take care of stray currents coming from a Coke Breeze:: 
railroad spur. Backfill 

The impressed current cathodic protection system using 
“National’’ Graphite Anodes is still in operation, and the 
corrosion engineer advises that there has been a substantial 
reduction in the maintenance cost of their underground plant, 
which more than justified the cost of the installation. 


UNION 
““National,’’ ‘‘N’’ and Shield Device and “Union Carbide’’ are registered trade-marks of Union Carbide Corp. 
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NATIONAL CARBON COMPANY - Division of Union Carbide Corporation « 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 
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Experimental Studies 





Introduction 
HE DETERIORATION of the 


underwater parts of Naval vessels 
constitutes a considerable item in the 
maintenance of these vessels. For many 
years, the hulls of most naval vessels 
have been protected against this deteri- 
oration by organic coatings applied at 
periodic drydocking and overhaul of the 
ships. Though much progress has been 
made in paint formulation and applica- 
tion, frequent drydocking for repainting 
is necessary and expensive. Even with 
the most modern paint systems, local- 
ized pitting of such vital steel parts as 
hull plating, rudders, shafts, and struts 
is frequently encountered. Serious cor- 
rosion of the hull usually occurs when 
the paint coatings give poor perform- 
ance or fail prematurely. Repairs are 
costly because corroded and pitted areas 
must be replaced or filled by welding. 

Sacrificial zincs have been used in the 
stern areas of most naval vessels to re- 
duce the serious corrosion that occurred 
frequently at these locations. During 
World War II, examinations showed 
that the zinc systems then in use were 
ineffective due to the development of 
insulating films by reaction with the 
sea-water or to poor electrical connec- 
tions to the hull. Indications were ob- 
tained that purity of the zinc was a 
major factor and that alterations of zinc 
composition with the use of improved 
attachment methods might change the 
picture.” ** 

The use of cathodic protection to sup- 
plement the usual performance of paint 
coatings appeared as a means of reduc- 
ing maintenance costs. This prompted 
the Bureau of Ships to have the Naval 
Research Laboratory investigate the 
feasibility of cathodic protection in re- 
ducing the deterioration of underwater 
hull parts and to develop methods for 
the installation and control of the process. 


% A paper by L. J. Waldron, M. H, Peterson 


and M. C. Bloom, U. 8. Naval Research Labo- 
ratory, Washington 25, D. C., presented at 
a meeting of the North Central Region Con- 
ference, National Association of Corrosion 
Engineers, Chicago, October 3, 1957. 





Cathodic Protection 


For Naval Vessels” 


Figure 6—Corrosion on stern area of a destroyer after 15 months’ operation 
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with cathodic protection. Degree of protection was between 85 and 95 percent. 


Experimental work was first per- 
formed on vessels of the Reserve Fleet 
because they were docked at easily ac- 
cessible locations. These vessels normally 
are docked on a chronological schedule, 
usually every five years, at which time 
the hulls are cleaned and the paint re- 
newed. This is expensive maintenance, 
but the Navy wants all reserve vessels 
available for active duty without dry- 
docking delays. 

After two to three years’ experimental 
work, the results indicated that cathodic 
protection was both an effective and 


economical means of reducing hull cor- 
rosion and that considerable savings 
could be obtained by lengthening the 
normal 5-year drydocking interval. The 
Bureau of Ships has accepted this tech- 
nique for the protection of several hun- 
dred vessels and is expanding the program 
to cover most of the Reserve Fleet.’ 

Following the success with the appli- 
cation of cathodic protection to the Re- 
serve Fleet, emphasis of the investiga- 
tion centered on the possibilities of using 
this process to reduce hull deterioration 
of active vessels. Due to the complex- 
ities and problems involved, the appli- 
cation of cathodic protection has not 
been as rapid as with the Reserve Fleet. 

Articles describing the U. S. Navy’s 
cathodic protection program have pre- 
viously been published.”’ This paper 
describes the field program under the 
direction of Naval Research Laboratory 
personnel. 


Reserve Fleet Vessels 

Approximately 26 Reserve Fleet ves- 
sels of various types and sizes at Nor- 
folk, Virginia, Charleston, South Caro- 
lina, Green Cove Springs, Florida, Orange, 
Texas, and San Diego, California, were 
selected for experimental cathodic pro- 
tection installations. The purpose of 
this work was to determine the efficacy 
of cathodic protection in reducing the 
corrosion of underwater hulls and to 
develop methods of installation, control, 
and maintenance for possible fleet-wide 
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Abstract 


This paper outlines an experimental pro- 
gram of work on cathodic protection of 
naval vessels started in 1951. It dis- 
cusses the many technical problems as- 
sociated with the application of ca- 
thodic protection to both active and 
inactive vessels, steps taken to solve 
these problems, and future work neces- 
sary for further refinements in proce- 
dures and control. 

Experimental details and the results 
obtained after several years of operation 
are given for cathodic protection instal- 
lations on 25 reserve fleet vessels at five 
locations. The results of this work have 
been used by the Bureau of Ships as a 
basis for the development of standard 
———— for the installation of ca- 
thodic protection systems on all Reserve 
Fleet vessels. 

Several cathodic protection systems in- 
volving both galvanic anodes and im- 
pressed current installed on active naval 
vessels are described. he various dif- 
ficulties encountered in this work and the 
essential requirements for successful op- 
eration are outlined. 5.2 


application. The waters at these sites 
vary from full salt water at San Diego 
to relatively fresh water at Orange, 
Texas. Thus, the variation in electrical 
resistivity is from a low and constant 
value (20 to 30 ohm cm) to a high and 
variable value (400 to 10,000 ohm cm). 
Figure 1 shows this variation at Orange, 
Texas, over a period of one year. 


Cathodic Current Systems Used 

Four or five vessels varying in size 
from LSM’s to APA’s were used for 
the installations at the five ports. All 
vessels were drydocked; some were 
sand-blasted and painted; others were 
used in the as-found condition. They 
were then put under cathodic protection 
and drydocked after one and two years 
of test. Both impressed current systems 
with graphite anodes and galvanic sys- 
tems with magnesium anodes were used. 
In most of the impressed current sys- 
tems, graphite anodes three inches in 
diameter by five feet long were suspended 
by cables from the deck of each ship. 
Electrical connections were made to a 
distribution cable which ran along the 


(Continued on Page 88) 




































































Naval Vessels— 
(Continued From Page 87) 


periphery of the deck and connected 
with the rectifier. In some cases, cur- 
rent for several ships was furnished 
from a single rectifier. In others, an 
individual system was employed with a 
rectifier on board each vessel supplying 
current to that ship only. In one instal- 
lation, a remote bed of anodes was 
located some distance from the berth- 
ing area and furnished current to four 
vessels that were electrically connected. 
The amount of current necessary to 




























































































polarize the hull of all vessels with im- 
pressed current to a potential of —0.85 
volts to a copper-copper-sulfate refer- 
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ence electrode was controlled by manual 
operation of the rectifiers. Where more 
than one vessel was connected to a 
single rectifier, resistors were used for 
current control. 

Magnesium anodes, 17 or 51 pound 
size, were secured to wire rope through 
a pipe core in each anode. This anode 
string was then suspended from wooden 
outriggers mounted to and projecting 
from the deck. The amount of current to 
the hull was controlled by the number 
of anodes in the water and the use of 
resistors in the grounding cable from 
anodes to hull. 

All mooring lines, other than chain, 
had to be insulated between the test 
vessels and the piers or adjoining un- 
protected ships. Otherwise appreciable 
cathodic currents were diverted appar- 


INTERNATIONAL 
PAINTS 


Gulf Stocks at: 


SAN ANTONIO MACHINE & 
SUPPLY CO. 
Harlingen, Texas 
Phone: GArfield 3-5330 
SAN ANTONIO MACHINE & 
SUPPLY CO. 
Corpus Christi, Texas-Phone: 2-6591 
TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 


Houston, Texas 
Phone: WAInut 3-9771 


TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 


Galveston, Texas 

Phone: SOuthfield 3-2406 
MARINE & PETROLEUM SUPPLY CO. 
Orange, Texas 

Phone: 8-4323—8-4324 
RIO FUEL & SUPPLY CO., INC. 
Morgan City, La.-Phone: 5033-3811 
ROSS-WADICK SUPPLY COMPANY 
Harvey, La.-Phone: Fllimore 1-3433 
VOORHIES SUPPLY COMPANY 
New Iberia, La.--Phone: EM 4-2431 


MOBILE SHIP CHANDLERY CO. 
Mobile, Ala.-Phone: HEmlock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida ----- Phone: 2-4278 


- International Paints 

were developed, each to 

\. Satisfy a new and often | 

’ unusual marine = & 
requirement 


Send for a complimentary 
copy of our recently re- 
vised booklet “The Paint- 
ing of Ships.” It is an 
outline of the latest ap- 
proved practices in all 
fit marine maintenance. 


International Paint Company, Inc. 


Offices: 


New York 6, N. Y., 21 West St., Phone: WHitehall 3-1188 
- New Orleans 15, La., 628 oe ‘St., Phone: TWinbrook 1-4435 
So. San Francisco, Cal., 


So. Linden Ave., Phone: PLaza 6-1440 
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ently to unpolarized adjoining meta’ 
structures so that no polarization couk 
be obtained on the test vessels, The 
electrical isolation of test ships was dif- 
ficult, particularly without loss of moor 
ing efficiency. Of the various method; 
employed, insulation of pier bollard; 
and cleats has proved the best. This was 
accomplished by the use of a prefabri- 
cated metal shield fitted around each 
bollard or cleat with a heavy rubber 
sheet inserted between the shield and 
bollard or cleat for insulation. Ceramic 
strain insulators in a wire rope line was 
used to moor smaller vessels. 


Potential Measurements 


Measurement of the potential of the 
hull at selected locations was used to 
determine the amount and distribution 
of current needed for cathodic protec- 
tion. The current was adjusted until the 
potential of each ship was between 0.85 
and 0.95 volts to a copper-copper-sulfate 
reference electrode. Regulation of poten- 
tials within these ranges was difficult 
when tidal and seasonal variations caused 
large differences in the resistivity of the 
water. 


Potential measurements were made 
by two methods. In the first, referred 
to as the belly-band method, the refer- 
ence electrode was attached to a rope 
which encircled the hull at a location 
near midship. In this position the elec- 
trode could be pulled around the hull 
from the starboard to the port water- 
line, Readings of the potential difference 
between the hull and cell were taken 
every three feet with a potentiometer- 
voltmeter. Except in the keel area, the 
cell was never more than a few inches 
from the hull. 


With the second or circumferential 
method, measurements were made at 
selected points, usually six or more, 
around the deck circumference of each 
hull. Two measurements were made at 
each point, two and six feet below the 
waterline. During these measurements 
the copper sulfate cell was suspended 
free beside the hull from the deck; con- 
sequently, its distance from the hull 
varied from a few inches to several feet 
depending on the depth and the curva- 
ture of the hull at the point the meas- 
urement was made. 


Any potential measurements made on 
the hull while current is flowing from 
the anodes to the ship may be consid- 
erably greater than the true potential 
because of an IR drop through the 
water and paint film. Under these con- 
ditions it is possible to obtain potentials 
which indicate the absence of corrosion 
while the true potential of the hull 
would indicate the presence of corro- 
sion. This error is rather small in low- 
resistivity salt waters but becomes ap- 
preciable at higher resistivities. Thus, 
all potential measurements were made 
both with current flowing normally to 
the hull and then repeated after the cur- 
rent had been shut off momentarily. 


Summary of Test Results 


The amount of protection obtained on 
the vessels after one and two years of 
test was based on inspections of the 
hulls while the ships were in drydock. 
These results, reported previously**™™ 
in detail and summarized here, are the 
concensus opinion of several inspectors 
and were based on a comparison of the 
protected vessels with numerous reserve 
vessels without cathodic protection that 


(Continued on Page 90) 
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cathedic 
protection 
service 


Now More Than Ever Before... 
POLYKEN Tape Coating Gives You 


MORE FOR YOUR MONEY 


Here’s Why... 
© Effective January 5, 1959, Polyken prices are again reduced, as much as 26% 


© Polyken #900—the rugged, proved performer for a decade —has its tough protective 
backing INCREASED 25% in thickness 


CHECK YOUR COST ADVANTAGES AT THESE 
v NEW LOW POLYKEN PRICES 
ACCESSORY ROLL—1% inch I.D. Core— 100, 200, 300 ft. length 
Price Per Square, Dollars 
QUANTITY, SQUARES 


No. 900 Black, 14 mils. 
No. 910 Gray, 12 mils. 
No. 940 Black, 12 mils. 
No. 940 Gray, 12 mils. 
No. 920 Black, 20 mils. 
PIPELINE ROLL— 3 inch 1.D. Core— 400, 600, 800 ft. length 
Price Per Square, Doliars 


QUANTITY, SQUARES 


No. 900 Black, 14 mils. 
No. 920 Black, 20 mils. 


Cable Address — CATPROSERV 


cathodic protection service 


P. 0. Box 6387 Houston 6, Texas JAckson 2-5171 


CORPUS CHRISTI DENVER NEW ORLEANS ODESSA TULSA 
1620 South Brownlee (Golden) P.O. Box 291 1627 Felicity 5425 Andrews Hwy. 4407 S. Peoria 
TUlip 3-7264 CRestview 9-2215 JAckson 2-7316 EMerson 6-6731 Riverside 2-7393 
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RESISTIVITY OF STRATA 
4 FEET BELOW SURFACE 


_RESISTIVITY OF STRATA 
12 FEET BELOW SURFACE 
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Naval Vessels— 

(Continued From Page 88) 
had been drydocked periodically for 
overhaul: 

1. Cathodic protection is an effective 
and economical means of reducing hull 
corrosion of reserve naval vessels, 

2. This process of protection can be 
applied to reserve vessels with little or 
no effect upon the normal deterioration 
of conventional bottom paints. 

3. The process has no apparent effect 
upon the normal fouling that usually 
occurs at most Reserve Fleet sites. 

4. Installation of cathodic protection 
on reserve naval vessels is relatively 
simple, and a minimum of time is re- 
quired thereafter for proper maintenance. 

5. Control of the cathodic protection 
process in water of low electrical resis- 
tivity (sea water) is much simpler than 
in waters of high resistivity (fresh 
water). 

6. Ground beds do not appear to offer 
a practical means of anode location be- 
cause of the shallow depths of water 
under most reserve fleet vessels and the 
close spacing of ships within the vari- 
ous berthing areas. 

7. Of the various impressed current 
systems used, the most practical method 
was found to be suspended graphite 
anodes around each vessel with current 
supplied from an individual rectifier 
located on board. 

8. In low resistivity waters, galvanic 
anode systems have merit where gener- 
ated power is either limited or expensive. 


Figure 3—Pitting and perforation of hull plating of naval vessel after two years 


of service. 
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Figure 1—Resistivity of Sabine River water at Orange, Texas, Oct., 1951 to 
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Active Naval Vessels 


After a couple of years of service, 
most active naval vessels will show light 
or moderate corrosion at the water line, 
on hull areas in the way of keel blocks, 
at scattered areas of the hull where the 
paint has failed and on rudder parts, 
struts and shafts.’ Occasionally, heavy 
pitting of these parts and areas neces- 
sitates costly repair or replacement. Fig- 
ures 2 and 3 show severe pitting on hull 
plating. 

Two types of cathodic protection sys- 
tems were used on the experimental 
vessels: a galvanic system using magne- 
sium anodes and impressed current sys- 
tems using platinum anodes. The galvanic 
systems were either controlled or un- 
controlled. In the former, the installa- 
tion details permitted manual adjust- 
ment of the current to the maximum 
output of the anodes. No such adjust- 
ment was available with uncontrolled 
anodes which were shorted directly to 
the hull. In these cases the current out- 
put was determined by the anode con- 
figuration, the condition of the paint, 
and degree of polarization of the hull.” 
With energized inert anodes, the cur- 
rent output was regulated easily by the 
rectifier driving voltage, 

In 1952-53, two destroyers and an 
LST were fitted with magnesium anodes 
and operated with cathodic protection 
until 1955. Both controlled and uncon- 
trolled systems were used. Naval Research 
Laboratory representatives designed the 
system, supervised the installations, in- 


POTENTIAL (VOLTS) 


10 


Figure 2—Corrosion of hull plating of naval vessel after two years of service. 


Figure 5—Relationship between potential 
destroyer while on a two-months extended trip at sea. Average speed was 15 












structed the crew in the operation of 
the system, developed procedures for the 
systematic reporting of measurements 
made by ships’ personnel, and evaluated 
the degree of protection achieved by the 
process. 


The installation on one of the de- 
stroyers is shown in Figure 4. Individ- 
ual anodes were attached to each bilge 
keel and electrically connected. They 
were insulated from the hull by rubber 
blankets and plastic sleeves. The elec- 
trical circuit from the anodes ran through 
a control panel where the current being 
fed the ship could be manually adjusted 
to control the potential of the ship. 
Complete details have been reported 
previously.” * * 7° 


During the operations of these ves- 
sels, considerable data was obtained on 
the effect of various factors upon the 
current required for polarization. Part 
of this data is given in Figure 5. 

Both destroyers were inspected in 
drydock after approximately one year’s 
operation when new magnesium anodes 
were installed and deteriorated areas of 
the vinyl coating repainted around the 
anodes. Both vessels were returned to 
operation for another 14 months and 
again drydocked and inspected. Figure 
6 shows the appearance of the stern 
area of one of the destroyers after 26 
months of cathodic protection. 

The LST used the 4-inch by 10-inch 
by 60-inch magnesium anodes shorted 
directly to the hull. This vessel oper- 
(Continued on Page 92) 
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Reduce Maintenance Coating Costs- 
Carboline Systems are Keyed To Your Job 


Many maintenance paint dollars are wasted on so-called “cheaper” 
paints. Moreover, no one coating system can perform equally effectively 
under all conditions. Either way premature failures occur, requiring costly 
re-painting. You can substantially cut maintenance costs by specifying 
systems that are keyed to your requirements. 

Four Carboline maintenance coating systems, thoroughly proven in 
service, are recommended for specific corrosive environments. Each system 
is “keyed” or tailor-made for a particular type of job. And each is designed 
to provide maximum protection for the longest time at the lowest cost per 
square foot per year of service. 


CONDITION 1 


Mild fumes, splash or spillage of most acids and alkalies. Continuous temperatures 
to 150°F. where maximum surface preparation is not practical. Structural steel, pipe, 
walls, equipment exteriors. Carboline CS-200 (all vinyl) system. 


CONDITION 2 


Severe fumes, splash or spillage of acids and alkalies. Continuous temperatures to 
180°F. Structural steel, equipment exteriors, concrete walls. Carboline Epoxy 188. 


CONDITION 3 


Heavy duty protection against solvent, caustic and acid spillage. Continuous tempera- 
tures to 200°F. Structural steel, equipment exteriors, concrete. Carbomastic #3 
(epoxy tar) and Phenoline 305 topcoats. 


CONDITION 4 


Economical, easily applied maintenance system for mild chemical fumes. Requires 
minimum surface preparation. Continuous temperatures to 200°F.Can be used over 
old paints. Carboline Epoxy 110. 


Write for newly released Chart No. 5 showing comparative ratings of 
coating systems by physical and chemical properties — an engineering aid 
in choosing the most efficient protection. Also ask for technical data and 
recommendations on Carboline maintenance systems. 


Atlanta « Buffalo « Denver « Detroit 
¢ Houston « Los Angeles ¢ Mobile 
¢ New York ¢ Pittsburgh « San 
Francisco « Tampa ¢ Tulsa * Toronto 











carboline 
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: 








32-A Hanley Industrial Ct. 
St. Louis 17, Mo. 
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Naval Vessels— 


(Continued From Page 90) 


ated with cathodic protection over ap- 
proximately a two year period with re- 
placement of anodes after the first year. 


Performance Summary : 
A general summary of the perform- 
ance of cathodic protection over 24 to 
% months of operation on these three 
vessels is as follows: 
« 1. Cathodic protection was judged to 
be 90 to 100 percent effective in — 
nating corrosion of the underwater re 
The degree of protection for the otis 
ders, shafts and struts was slightly 
lower, about: 85 to 95 percent. In — 
eral, the protection afforded during the 
gecond year, though still effective, was 
slightly less than that obtained during 
the first year. 

2. The vinyl..paint peeled at various 
treas of the keel and hull close to the 
magnesium anodes. Bare metal, free of 
rust, showed where the paint had peeled. 
Much of the Thiokol coating was miss- 
ing from the rudders, rudder skeg, shaft 
and strut. Light superficial surface rust 
was noted on the bare metal of these 
exposed areas. Except for one area, no 
pitting was observed. 

3. Most of the anodes on the three 
vessels were 60 to 85 percent consumed 
in a one-year period of operation. This 
deterioration was much greater than 
anticipated and was attributed to an ex- 
cessive loss of current from the anodes to 
adjacent steel parts of the anode assem- 
bly and bare areas of the hull. Improved 
anode designs and installations are nec- 
essary to ensure a 24 to 30 month life. 

4. The current required to maintain 
potentials of 0.75 to 0.85 volts on the 
two destroyers increased with time dur- 
ing the first year, probably as a result 
of the exposure of increasing areas of 
bare metal from deterioration of the 
paint, At the end of the first year this 
was 2 to 4 times as much as at the 
start. The current requirements were 
essentially constant during the second 
year and indicate that comparatively 
little additional deterioration of the 
paint occurred. The average potential of 
the hull of one destroyer during the sec- 
ond year was’0.65’wvolts to the Ag-AgCl 
electrode while that of the other de- 
stroyer was 0.80 volts. 

5. Little difference due to velocity was 
noted in the current requirements once 
the vessel was underway, but approxi- 
mately twice as much current was 
required to maintain a given potential 
when the’ ship was moving as when it 
was stationary. Grounding the vessels 
to piers or adjacent ships, as might 
occur during mooring, decreased the 
potential of the hull. 

6. The potential determined by the 
reference electrode over the propellers 
was always 50 to 70 millivolts more ca- 
thodic than the average potential at four 
other points on the hull. 

7. No evidence was obtained with 
these three vessels that cathodic pro- 
tection either inhibited fouling or was 
interfering with the anti-fouling prop- 
erties of the paint. 


Impressed Current System 
Submarines also have serious deterio- 
ration from corrosion of such parts as 
rudders, shafts, hull, superstructures, 
etc. A cathodic protection system was 
designed and installed on the USS Amber- 
jack in 1953 and operated for approxi- 


Figure 4—Magnesium anode installation on the bilge keel of a destroyer. 


mately 314 years when its performance 
was evaluated.* 

The system had a selenium rectifier for 
power and platinum-clad (0.005 inches 
of platinum-palladium alloy) copper rods 
(%-inch diameter) as anodes. Anodes 
of this type have also been used as trail- 
ing anodes.” 

The original anodes were 2-inch long 
and mounted in plastic holders. Poten- 
tial readings with 12 of these mounted 
on the hull indicated only slight polari- 
zation due to limited current that could 
be supplied by the rectifier. This cur- 
rent limitation was caused by the high 
electrical resistance of the small anodes. 
Longer anodes (48 inches) mounted in 
ceramic coated steel holders were then 
installed.” Figure 7 shows one of these 
anodes. Sheet neoprene was attached to 
the hull around each anode to act as 
a dielectric shield to effecting better 
current distribution and to eliminate ex- 
cessive current to these areas. 


After 3% years of test the underwater 
parts of the hull were found to be free 
of all except minor corrosion with no 
evidence of any new pitting having oc- 
curred during the time cathodic protec- 
tion was applied. The Neoprene shields 
had slight damage. Several of the anodes 
had been lost due to mechanical dam- 
age and possibly to deterioration from 
breaks in the cladding. Much of the 
ceramic coating on the steel had failed 
with resulting stray-current corrosion of 
the steel. 


Note: The opinions expressed in this 
paper are those of the authors and not 
necessarily those of the Naval Research 
Laboratory or of the Navy Department. 
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Exhibits at the 1959 Corrosion Show will 
be staffed by experienced corrosion en- 
gineers qualified to answer questions on 


corrosion control. 
*® 


A total of 16 symposia is scheduled dur- 
ing the Chicago Conference. 


MEMBERSHIP CARDS 
NEEDED AT CHICAGO 


NACE members who are not pre-regis- 
tered will be required to establish their 
membership in the association at the 
15th Annual Conference in Chicago by 
showing their membership cards. 


Registration fee for members is $10; 
for non-members, $15; for ladies $10. 
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Here are facts on Visco Corrosion Inhibitor costs 
in a wide variety of producing oil and gas wells — 
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ted steel probably some near you... or with corrosion problems 
like yours. At every well, Visco treatment is only a ; 
ation 5 small fraction of the,.cost of corrosion damage in 4 
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h Labo untreated wells. ; 
a The Stick type treatment is 
: 1 easily applied through 
Galvan ie Frequency Cost of simple fitting added to 
(1957 Visco Treatment well head. 
57) of Visco per bbl of 
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oratory Pumping | East Texas 3 times a week 
he Per- Pumping | Eustern Kansas Once a week 
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mere Flowing West Texas Twice a week 
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n. The Pumping “eee Kansas nce a day o pe ond k of 
n Sys- Gas Lift |. West Texas Once a day inhibitor on a small 
_ truck, make a regular 
ane Pumping | North Texas Once a day circuit of leases to 
. j 7 A pump inhibitor into 
- s ~ Pumping | Eastern Kansas Twice a week == pei = = their wells. 
— Flowing | East Texas Once a day 
1. The Flowing | West Texas Twice a week 
7 1325 Gas East Texas Twice a week 
.» 4637 
a Pumping | West Texas Every other day 
it Ca- : 
1 Sub. Pumping | West Texas Every other day 
I. 
thodie Gas Northern Lo. Once a day 
rail- : 
3, 125t Pumping Eastern Kansas Once a day 
Pumping | Kensas Twice a week 
y will | 2 Sticks every 
1 en- Gas lovisiana other day 
oe Pumping | . East Texas Once a day 
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Pumping | East Texas 








dur- Three times 


a week 







Pumping | East Texas 








Eastern Konsas Once a week 





Pumping 








*Cost in cents per million cubic feet. 






For fast action on a sound, money-saving approach 
to your downhole corrosion problems, call Houston, 
JAckson 8-2495, or contact your Visco Field Service 


Man. 








VISCO PRODUCTS COMPANY 
INCORPORATED 


1020 Holcombe Blvd. ¢@ Houston 25, Texas 
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ayenwe CHEMICAL CO. 


ELIZABETH. NEW JERSEY 


SODIUM HYPOCHLORITE 


now in production. 


Figure 1—Chemically resistant polyester tank trailer 


Advantages of Reinforced Polyesters 


For Use on Highway Tank Trucks* 


is HE FOR HIRE tank truck industry 
is estimating to gross over $400,000,- 
000 in 1958 from over 20,000 tank trailers 
of which 4000 handle corrosive chemi- 


cals. Approximate gallonage hauled by 
these trailers in one year is in the bil- 
lions. 


A primary problem in the operation 
of tanks carrying corrosives has been to 
find suitable materials. Alloys sometimes 
have limited life, are heavy and limit 
pay loads. They often contribute to con- 
tamination of the product. 

To compensate for some of these 
shortcomings, steel trailers are made of 
heavy gauge materials which, when 
formed and welded, develop internal 
stresses which tend to make the metal 
susceptible to catastrophic destruction. 
Resulting non-uniform strength lessens 
resistance to load and impact forces and 
explains why steel trailers often rupture 
during accidents and spew their con- 
tents on the highway. 

Plastics have growing 
however, and plastic tank trailers are 
no longer a novelty. Units such as the 
one pictured in Figure 1 are in produc- 
tion. Some have been in regular service 
for 7 or 8 years. 


acceptance, 


Design Considerations 
Pound for pound, reinforced plastics 
often are stronger than steel, and ulti- 
mate tensile strengths are a function of 
the quantity, type and orientation of the 
glass fibres used as reinforcement. Ten- 


* From a paper titled 
Tank Trailers” by 
Industries, Inc., 


“The 
James M. 
Wilmington, 


New Look in 
Brady, Haveg 
Delaware. 


sile strengths on the order of 100,000 psi 
are not uncommon in reinforced plastics; 
aluminum averages 30,000 psi and steel 
from 50,000 to 90,000 psi depending on 
the influence of alloying elements used. 


Severe road tests are said to indicate 
that the highest bending stress to which 
a tank will be subjected will be 840 psi. 
Recent rollover tests indicate that plas- 
tics will yield and bend rather than 
rupture under impact. 

Another important feature of the re- 
inforced plastics is their low coefficient 
of heat transfer. This permits the trans- 
portation of products solidifying at am- 
bient temperatures over a longer period 
without application of heat. 

Reinforced plastics are suitable for 
continuous use at temperatures as high 
as 225 F, and major mechanical prop- 
erties are retained at temperatures up 
to 300 F. However, for continuous serv- 
ice it is advisable to restrict them to 
225. F. 

Plastic tanks can be designed to fit 
all kinds of traction gear. 


Advantages Of Reinforced Plastics 


Chemical Corrosion Resistance 

Reinforced plastic tank trucks are con- 
structed from the same chemically re- 
sistant materials that have been in serv- 
ice for many years in the chemical, 
metallurgical and related industries. Re- 
sistance to acids is excellent, to solvent 
attack is very broad and to alkalies is 
broad at low and intermediate temper- 
atures and moderate at elevated tem- 
peratures. 


















Abstract 


Advantages of reinforced polyester plastic 
tanks for use on trucks transporting chem- 
icals, pharmaceuticals and foods are listed: 
lighter weight than alloys of comparable 
strength, greater resistance to corrosives, 
lower coefficient of heat transfer, lower 
maintenance costs and lower initial cost. 
Tanks now in service permit many efficien- 
cies not available to those using alloy 
tanks. Results of extended service tests 
are given. 9.2 






Versatility 

A reinforced plastic unit permits 
handling products as diverse as form- 
aldehyde, ammonium nitrate, sodium 
hypochlorite, corn syrups and fuel oil in 
one container without modification. 

Several fuel oil carriers employ their 
units through spring and summer months 
to haul liquid fertilizers, thus extending 
the productive time of tanks that for- 


merly were kept in storage for six 
months of the year. 


Fiber glass materials also have the 
approval of U. S. Dept. of Agriculture 
and the Federal Drug Commission for 
use in handling food. They are favorite 
materials for handling pharmaceutical 
chemicals and foodstuffs, where freedom 
from metallic contamination is impor- 
tant. 


Ease Of Cleaning 

Cleaning is important in a unit han- 
dling a diversity of products. Due to 
their shiny, hard, glass-like surfaces, 
plastic tanks resist adherence by many 
substances which cling to metals. This 
makes the problem of cleaning interiors 
relatively simple, spray cleaning being 
all that is required in many cases. If 
chemical cleaning is necessary, plastic 
tanks, being corrosion resistant, are not 
attacked by most cleaning detergents. 
Many alloy tanks are attacked by 
chemical detergents and cannot be 
cleaned by them. 


(Continued on Page 96) 
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_TUBE-KOTE 


"| Applies corrosion resistant plastic coatings 
= | +» ANYWHERE! 


he 





If you have a specialized coating 


This application of coating to the inside of a problem, call on the experience and 


= . tank car destined to haul highly corrosive ability of Tube-Kote Industrial 
al caustic liquids is typical of the many specialized Sales Division to provide a coating 
m problems successfully handled by Tube-Kote. for your particular needs. 


Tube-Kote research has produced many new 
coatings . . . each with special properties 
needed to solve unique corrosion problems 
for the following industries: 





to 

s, © Chemical @ Food Processing 

, @ Petrochemical © Oil Field 

'S @ Refining @ Plastic 

g @ Beverage @ Textile : 

if . 2 Service Mark Reg. U. S. Pat. Off. 
c @ Electronic @ Transportation 


P. 0. Box 20037 © Houston 25, Texas 
. Tube-Kote field crews will bring portable Branch Plant: Harvey, Louisiana 
y application and curing equipment to your plant 
e 


or job site if your particular needs demand it. 





OUR 20TH YEAR... THE INDUSTRY PIONEER 









































































































































































































































































































FOR CORROSION-RESISTANT 
COATINGS 






































PROVEN IN THE 
PROCESS INDUSTRIES 
@ STEEL TANK LINING 

@ CONCRETE TANK LINING 


@ PROTECTION OF STRUCTURAL 
STEEL, FUME DUCTS AND 
EQUIPMENT 


@ CONCRETE FLOORS 
@ TANK CARS 


FOR IMMERSION SERVICE 


aA 
MAINTENANCE SERVICE 


PLASITE Protective Coatings are 
formulated with a combination of 
high resistant resins to achieve 
highest possible chemical resis- 
tance. 




























































Epoxy Polyurethane 
Phenolic Polyamid 

Furane Chemical Rubbers 
Hypalon Vinyl 








COLD SET COATINGS © 
HEAVY BUILD using standard spray or __ 
brush methods. | re 

WIDE CHEMICAL RESISTANCE to acids, 
caustic solvents, salts, de-ionized 
water, and aqueous ‘solutions. 

HIGH TEMPERATURE RESISTANCE not 
affected by thermal shock. 

AIR DRY field applications. 

EXCELLENT BOND -—— No Primers on 
white metal blasted surface. 

HIGH BAKE COATINGS 
@ STRAIGHT PHENOLICS 
@ EPOXY PHENOLIC 
@ PLASTICISED PHENOLICS 
CAULKING COMPOUNDS 
PRIMERS 
HIGH RESISTANT — Quick drying. 
HEAT RESISTANT COATINGS 
Temperature to 1200°F. 












gn WRITE today for new 
; we bulletin No. 258 with com- 


plete details, application 


information, etc. — with- 


out obligation. 


een 


WISCONSIN 
protective ,yy 
coating § \, 

COMPANY 
REPRESENTED IN PRINCIPAL INDUSTRIAL AREAS 


GREEN BAY, WIS. 
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Tank Trucks— 
(Continued From Page 94) 


Low Maintenance Costs 

Maintenance costs are especially im- 
portant in the chemical hauling indus- 
try. Most alloy trucks require painting 
at least twice a year while a reinforced 
plastic truck never needs painting be- 
cause pigments incorporated in the resins 
at time of manufacture give uniform, 
maintenance free surfaces. Colors, com- 
pany name, trademarks and other de- 
tails are permanent. 

When the resin is unpigmented, the 
resultant translucent tank permits liquid 
levels to be observed and measured 
without the use of expensive and trouble- 
some sight glasses. 

Because coefficient of heat transfer is 
so low, reinforced plastic tanks often 
can be considered self-insulating for 
many applications. Materials known to 
freeze solid in alloy vessels have re- 
mained fluid for several days in plastic 
units. 

Lost cost, cold curing materials are 
available for repairs. Because no steam- 
ing or welding is necessary, a safety 
hazard is eliminated. 


Extra Payload 


Because reinforced plastics have a 
specific gravity below that of the alloys, 
this results in reduced vehicle weight 
with a corresponding increase in pay 
load. 

For example, a steel trailer of ap- 
proximately 4500 gallons capacity will 
weigh about 12,000 Ib. A plastic trailer 
of equal capacity will weigh approxi- 
mately 9500 Ib. An aluminum tank of 
equal size would weigh approximately 
10,500 Ib. : 

On a one-trip-per-day basis, a plastic 
trailer of the indicated size could deliver 
a bonus of more than 125,000 gallons 
per year. 


Physical Characteristics 
The following properties are believed 
to be reliable. Because of atmospheric 
variations during fabrication, each tank 
trailer may vary somewhat from these 
averages. 


Weight Characteristics 


pounds 
Tank weight (plastic part only).. 2,700 
Bare chassis weight ............. 6,910 
Total trailer weight (empty)..... 9,610 


Total trailer weight full (water). .45,470 
Total pay load (4,300 gal. water) .35,860 


Structural Characteristics 

Material used is chemically resistant 
polyester resin reinforced with fiber 
glass. Dished ends are %-inch thick, and 
center cylindrical sections is ¥%4-inch 
thick. 


Structural Testing 
This trailer was fully road tested over 

all types of highway traffic and test 

track conditions with these results: 

1. Pressure was tested at 30 psi daily 
during test period; 30 psi held for 
4 hour each time with no loss of 
pressure. 

2. Road tests for surging were con- 
ducted with half-full load, Full 
braking power was applied and 
locked at 40 mph; wheels were 
locked and skidding. Repeated five 
times. Results: no damage to trailer 
and tank passed pressure testing. 

3. Test No. 2 was repeated with full 

load. Results: no damage to trailer 
and tank, passed pressure test. 
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4. Deflection of tank head was meas- 
ured during pressure testing. Re- 
sults: under 30 psi pressure and 
fully loaded with water, the head 
deflected less than 1/16-inch. Upon 
release of pressure, head returned 
to original dimension. This deflec- 
tion equals 0.0467 percent of over- 
all length indicating substantial over- 
design and extra safety. 


Comparative Initial Costs 

Using a 4300-gallon tank trailer truck 
for comparison, the following initial ap- 
proximate cost relationships are given: 
Corrosion resistant steel tank 

trailer 
Aluminum tank trailer .......... 14,000 
Polyester-glass fiber tank trailer ..12,000 


DISCUSSIONS 


Some Corrosion Problems of Tank 
Trucks and Their Solutions by Louis 
Reznek, Corrosion, 14, 105 (1958) 


Sept. 


By Warren D. Palmer, Protective Coat- 
ing Engineering and Inspection Serv- 
ice, Houston 4. 


Louis Reznek is to be complimented for 
presenting this timely subject to Corro- 
SION readers and those engineers inter- 
ested in preventive maintenance. 

I have given this problem some serious 
thought from the standpoint of provid- 
ing carriers with periodic coating inspec- 
tions, reports and recommended repairs 
or preventive maintenance. I foresee the 
service being used on new construction 
or application of linings much like the 
inspection and certification of ASME 
and API code stamping. This plus 
timely periodic inspections performed in 
conjunction with equipment service 
schedules should reduce failures to 
equipment, contamination of product due 
to corrosion and provide information in 
advance for necessary repairs to protec- 
tive coatings or exterior painting. This 
would enable the scheduling of work so 
that equipment will not be tied up when 
badly needed. 

This service should be extended to all 
— car, transport, barge and 
ship. 


Technical Topics 
Scheduled for March 


Improved Methods Plus Hot 
Spray Speed Application 
of Saran Coatings by 
Harland A. Morley 


Bridge Caulking Technique 
Helps Solve Aerial Pipe- 
line Crossing Problem by 
Gordon Davis 


Behavior of Tin Alloys in 
Atmospheric Exposures by 
Robert T. Gore 





Febri 
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Protecting the cooling system of a 
giant diesel against corrosion is just 
one of the jobs handled effectively 
and inexpensively by corrosion in- 
hibiting compounds containing 
Mutual chromates. Other applica- 
tions include: cooling towers, air- 
conditioning systems, boilers and 
condensers. In virtually every type 
of recirculating water equipment, 
you can protect against corrosion 
best with chromate compounds. 


Mutual® Chromium Chemicals 


Potassium Bichromate 
Potassium Chromate 
Ammonium Bichromate 
Koreon (one-bath chrome tan) 


Sodium Bichromate 
Sodium Chromate 
Chromic Acid 


SOLVAY PROCESS 
DIVISION 
61 Broadway, New York 6, N. Y. 


Mutuat Chromium Chemicals are available through dealers and 
Sotvay branch offices located in major centers from coast to coast. 
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As 
HINT 


HUH 


in Diesel 
cooling systems 


with 


Chromate 
Compounds 


For best results, you should add a 
chromate inhibiting compound to 
your recirculating water system from 
the moment operations start. That 
way, clean metal stays clean! If you 
add them to older recirculating water 
systems already coated with rust and 
scale, they will arrest corrosion. 

Compounds containing Mutual 
chromates offer many advantages: 
They are stable. They’re readily 
soluble. They’re effective against all 


SOLVAY PROCESS DIVISION 
ALLIED CHEMICAL CORPORATION 11-29 
61 Broadway, New York 6, N. Y. 


Please send: 


id eu eee) mea 
Be part of the cooling system (solid 
black) in a typical 4-cycle V 
CRT heehee nied 
e Ur CElem an dnt 

. TC EET 





types of corrosion and scale forming 
materials. And they’re available in 
a wide variety, each chemically tai- 
lored to a specific task. The best of 
them have this in common—they’re 
based on Mutual chromates. 

For the names of manufacturers 
of corrosion inhibiting compounds 
containing Mutual chromates or in- 
formation on Mutual chromium 
chemicals, we suggest that you mail 
the coupon today! 


( List of manufacturers of corrosion inhibiting compounds 


[] Booklet “Mutual Chromium Chemicals” 
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Figure 1—Effects of drilling and scabbing on lead. 


The two top pieces show the effects resulting from 
combinations of sulfuric acid and organic chemicals. 
The bottom piece shows the absence of these effects 


when supplementary acid-brick lining is used. 


HEN SELECTED as the most 

suitable membrane to resist corro- 
sion, lead can derive some additional 
benefit from acid brick. Where combi- 
nations of sulfuric acid and organic 
chemicals are encountered, drilling or 
scabbing may occur when lead is ex- 
posed to their direct action (Figure 1, 
pieces shown at top). This is compar- 
able to incipient, destructive pitting. 
When supplemented by brick (for other 
purposes perhaps), lead does not pit in 
this manner. 

This is illustrated by a process vessel 
in which 35 percent sulfuric acid plus 
coal tars were held at 120 F. Originally 
the steel vessel was lined with 16-Ib. 
lead on the walls and 20-lb. lead on the 
floor protected by a 4%-inch course of 
hard-burned, high silica, acid-resisting 
brick laid in and backed with acid-proof 
cement. The lead on the walls was not 
protected because it was thought the 
lower temperatures would not cause 
trouble due to creep. During the life of 
this structure (over 13 years) the lead 
on the walls was renewed three times; 
no repair was made on the lead on the 
bottom. Repairs and replacement of 
lead on the side walls during this period 
were necessary because of the scabbing 
and drilling action of the sulfuric-or- 
ganic chemical combinations as shown 
in Figure 1. At the end of the 13-year 
period when the tank was torn down, 
the original 20-lb. lead on the bottom 
was found to be in perfect condition. 
It was proved in this instance that lead 
alone was not suitable for this type of 
service but that lead with brickwork 
would give an almost indefinite life. The 
replacement tank was completely brick 
and lead lined. In other typical cases 
so-called termite-type holes have been 
attributed erroneously to dirty lead. 

In all, the common divider between 
harmful and harmless organic materials or 
impurities seems to be their polar versus 
nonpolar characteristics. Polar organics 
are electrically active and have absorp- 
tive tendencies thus influencing molecu- 
lar size and therefore diffusion. As a re- 
sult, polar substances have limited or 
more restricted penetrability than non- 
polar substances due to the tendency 
toward large molecular size. Corre- 


% Extrac tea from a pe aper entitled ‘‘Lead-Acid 
Brick Construction” by E,. J. Mullarkey, 
Lead Industries Association, New York City, 
presented at a meeting of the 14th Annual 
Conference, National Association of Corro- 
sion Engineers, San Francisco, March 17-21, 
1958. 
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Applications 


of 


Lead-Acid Brick 


Systems* 


in 


Chemical Plants 


Abstract 


The use of lead-acid brick systems is re- 
viewed for use with corrosive, abrasive 
and hot chemicals. This type of construc- 
tion has good abrasion and erosion re- 
sistance, good thermal insulation, low 
cost, good general corrosion resistance 
and the ability to withstand high tem- 
peratures. 

Suggestions are made regarding the 
techniques for installing lead-acid brick 
systems in new construction and in re- 
pairs. Case histories are given in which 
lead-acid brick is used to reline an oxida- 
tion autoclave and to repair a steel fog- 
type scrubbing tower connected to a kiln. 

Some of the considerations involved in 
the use of radioactive tracers to locate 
leaks in lead-acid brick construction are 
discussed briefly. §.3.2 


spondingly, nonpolar materials such as 
gasoline, benzene and toluene penetrate 
acid brick rapidly but fortunately are 
not corrosive to lead. The reverse of the 
above is true in the case of plastics or 
elastomeric linings. There is little doubt 
that these observations indicate that 
lead should be protected by brickwork 
where scabbing or drilling occurs. 

Prime examples of successful service 
are three Simonson-Mantius vacuum 
concentrators operating in series on 
spent acid being reclaimed at National 
Petro-Chemicals Corporation refinery at 
Tuscola, Ill. A body section from one 
of these concentrators is shown in Fig- 
ure 2. These units, over ten years old, 
have been operating continuously on 40 
to 92 percent sulfuric acid used for the 
treatment of petroleum distillates and 
for the manufacture of alcohols. The 
acid to be reclaimed contains hydrocar- 
bon impurities. 


Savings in Cost Cited 


Considering initial construction costs 
using membrane materials, the cost of 





Figure 2—Vacuum concentrator body sections «:e 
lined with half-inch lead sheets. 





supplementary construction being essen- 
tially the same for all membranes,’ lead 
gives what amounts to a floating invest- 
ment. After the useful life of the origi- 


nal lead lining has expired, the scrap 
value of more than half the original cost 
is recoverable. Table 1 gives data on the 
costs relative to several types of instal- 
lations. 

If the scrap value of lead is not con 
sidered, the comparative cost as given in 
Table 2 is not important in selecting a 
membrane. With lead and its first re- 
placement considered, the comparisons 
are substantially altered. These figures 
are based on a nominal lead scrap price 
of ten cents per pound, corresponding 
roughly to 2/3 the market value of pig 
lead. Thus it is seen lead’s scrap value, 
plus lengthy depreciation schedules real- 
ized from long operation periods, justifies 
the use of lead. 


Rules for New Construction 


Experience suggests certain rules in 
addition to those relative to tank de- 
sign: 

1. Supports suitable to permit air cir- 
culation beneath vessels. Often acid 
brick-lead lined steel vessels are used at 
high temperatures with the _ vessels 
placed on a flat bottom or rim in such 
a way that heat is accumulated at the 
bottom, thus placing brickwork in heavy 
tension and resulting in bottom failures. 

2. Bottom should be dished where 
pressure is involved. 

3. The inside surface of the steel tank 
should be cleaned either by shot or 
sandblast to assure complete freedom 
from scale or other matter. If sand i 


(Continued on Page 100) 


TABLE Soman Cost Wiguves: for Several serine 


Membrane Linings 


Natural Rubber. . 


Neoprene............ 


Pk asticized Poly vinyl C hloride. 











“L ez ad ‘Sheet 


Thickness Installed Modified (2) 
Inches Costs $/ft? Costs $/ft? 
oe 36 3.40 3.40 
3 3.80 | 3.80 
pits 36 3 50 3.50 
% 3.95 1 3.95 
4: 00 4.00 
ol Y% | 2.75 1.95 
3/46 | 4: 00 | 2.80 
aot % | “1,00 | 1,00 





(1) T linen | into account lead'’s scrap iets ned sontadiiy at 10¢ | per ‘soul. 
(2) Adapted from Report of NACE Technical Unit Committee T-6K On Corrosion Resistant Construction 


With Masonry and Allied Materials, March, 1957. 1 
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Tygorust, the “no-prep” Primer, simplifies surface preparation 
in dozens of applications throughout the average plant 
contributing substantial savings in time and labor. 
Sandblasting rusted steel, for example — or drying out 


damp concrete . . . these operations, formerly 
considered essential before priming could be started, are HELPFUL HINTS ON 
no longer necessary. [n most cases rusty steel need only be MAINTENANCE PAINTING 


wire brushed before priming with Tygorust. Old concrete, 


d m e rust-pri i i are contained in THE TYGON 
prmgr dl' Remaeg ast otprimed after simply brushing PAINTING MANUAL. Its thirty 
p . pages cover virtually all aspects, 


Tygorust Primer can be brushed or sprayed and gives 
economical coverage. It may be applied over firmly adhering 
old paints (excepting bituminous coatings), and provides 
excellent adhesion for any type of finish including vinyl-base 
coatings. Tygorust stops underfilm rust-creep and, through 
superior adhesion properties, aids in maintaining paint films 
in top condition. Try Tygorust as a general purpose primer 

. . and start a new cost sheet, because Tygorust is one logical 
method of keeping maintenance painting costs down. 





from surface preparation to tips on 
equipment. 
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Lead-Acid Brick— 


(Continued From Page 98) 


used, the surface should be washed down 
with water to remove residual sand. 

All welds should be ground smooth; 
all sharp edges and corners should be 
rounded to a radius of not less than A 
inch. The surface then should be given 
one coat of red lead primer to retard 
rusting. A layer of %-inch asbestos 
paper should be applied over the primer 
with silicate soda for optimum results. 
This acts as a cushion between the lead 
and steel to reduce abrasion caused by 
movement of the lead. Chemical grade 
8- to 10-lb. sheet lead usually is ade- 
quate and is generally used. 

In the case of concrete vessels and 
floors requiring a lead-acid brick lining, 
lead based paint also is used. New con- 
crete structures should be coated with 
bitumen mastics prior to installing lead 
to prevent corrosion by free lime, the 
conversion of which to the harmless 
carbonate is time dependent. 

4, The lead should be lapped over the 
top of the vessel to prevent seepage be- 
tween the lining and the steel. Loose 
sheet lead sides should be lapped over 
the bottom sheet beyond the thickness 
of the first course of brick side wall and 
burned together. If trouble develops in 
this seam, the brick side wall would not 
have to be disturbed. This lap should be 
at least six inches. 


In large vessels, however, or at high 
operating temperatures, it may be ad- 
visable to strap the lead to the outer 
shells. In many cases brickwork moves 
independently of the lead sheathed ves- 
sel and causes stress concentration at 
the strap points. These points are trouble 
spots so two or three layers of asbestos 
paper to provide a cushioning and move- 
ment point between brickwork and lead 
are recommended where support con- 
siderations warrant. Brickwork should 
be cut around the straps to allow for 
the thickness of the strap in lieu of as- 
bestos paper. 

5. After the lead has been properly 
installed and tested? it is lined with one 
or two courses of brick chosen for one 
or more of these characteristics: degree 
of acid resistance, minimum, allowable 
porosity and degree of resistance to 
thermal gradient or shock. 


6. Furthermore, steps should be taken 
to avoid contact with sodium ions in 
acid-proof cements. This is done by 
bonding asbestos paper to the lead with 
potassium silicate solution before the 
brickwork is installed. Also a sheet of 
asbestos is used when furan resin ce- 
ments are applied because they contain 
an acid catalyst. Although an asbestos 
membrane is not needed with resin and 
sulfur-based cements, nevertheless two 
or three layers of asbestos paper are 
recommended to cushion movements be- 





tween the lead, brickwork and _ resin- 
based cement. 
Some, however, do not recommend 


the use of asbestos paper between the 
lead and the brick. Seepage through the 
brick wall saturates and bogs it down, 
leaving pockets in which the _ liquid 
settles and concentrates, thus contribut- 
ing to corrosive attack. 

To prevent this, the following pro- 
cedures are satisfactory. The lead is 
given a thin coat of resin cement or a 
plaster coat of silicate cement about %- 
inch thick. This is applied the evening 
before the brick is to be laid and to no 
area greater than can be covered with 
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Figure 3—End view of 40-foot by 6-foot oxidation 
autoclave lined with lead-acid brick. 


brick the next day. The coatings have 
a tendency to crack if exposed too long. 
If another membrane is required be- 
sides the resin or silicate cements, glass 
cloth is used. Glass cloth is never ap- 
plied alone. The brick is then laid up 
with the back of the brick dry. When 
there is no cement behind the brick, 
movement of the lining is made possible. 

7. A sufficient thickness of brickwork 
is installed so that temperatures at the 
membrane surface will ‘be reduced to 
165 F. This measure helps to enhance 
mechanical and corrosion properties. 

In the case of lead bonded to steel 
without tinning, creep or crawl will not 
occur up to 450 F; with tinning, up to 
265 F is tolerated. But, it is essential 
that corrosion rates be carefully con- 
sidered at temperatures afforded by this 
method and particularly where tin has 
been used in the bonding process. Tin’s 
use in bonding is largely a matter of 
commercial convenience and not a tech- 
nical necessity. Bonding without the aid 
of tin can be accomplished. Also there 
is a deleterious effect of tin on the 
welds of backing steel joints in vessels 
constructed. of lead coated or bonded 
steel sections, which affects the strength 
of the joint. Steel will alloy with tin 
causing porosity, the result of tin vapor- 
ization during the welding operation. 
However, lead-tin bonded steel (sec- 
tional) construction should stand up 
where little or no vacuum or pressure 
is involved, ie., up to 265 F. Without 
tin, operation under vacuum or pressure 
to 450 F is permissible. 

8. An attempt is made to obtain a 
thickness sufficient to reduce mean tem- 
peratures so that as temperatures in- 
crease the brickwork will be elongated 
more than the steel shell. The resultant 
differential expansion holds the lead in 
compression, thus assuring more than 
adequate support. 


Replacement Case Histories 
Equally important is repair-type con- 
struction where lead is used as a stop- 


TABLE 2—<Analysis of the Process Slurry in 
an Oxidation Autoclave. 





| Grams/Liter 






PT is. os irs tese sacs 


Iron (total) ok x stig nae aie 








gap when other materials or techniqu: 
have failed to control corrosion. Le: 
often affords the fastest, most econor 
ical answer in problems involving pro - 
ess solutions or fume exhausts. 


The 40-foot by 6-foot diameter oxid 
tion autoclave at Calera Mining Con - 
panies, Garfield, Utah, cobalt refinery 
an example. This autoclave is shown ;; 
Figure 3. Originally of carbon steel cor - 
struction, internally clad with a 10 pe-- 
cent Type 316 stainless steel, the aut: 
clave was lined with one course ac’ | 
brick and other supplementary mat. - 
rials (Epoxy paint, followed by gla 
cloth and asbestos paper applied wii 
sodium silicate). Designed to operate 
600 psi in the range of 400 to 450 F.,, tie 
vessel was almost a total loss two yea 
ago as a result of corrosion of the stai: 
less steel and a complete deteriorati: 
of the supplementary materials. Inte 
rupting a critical part of the oxidatic. 
process, the autoclave proved unsucces: 
ful in containing the process slur: 
which is analyzed in Table 2. 


In repairing this autoclave after con 
sidering other membrane materials and 
corrosion characteristics, it was decided 
to use a 12-lb. sheet lead lining (wit! 
glass cloth and asbestos paper applie: 
with sodium silicate) and one course of 
acid brick. During installation (burning 
of all seams and connections to lead 
nozzle liners), overhead lead sections 
were supported by a 3%-inch plywood 
template, a segment of a cylinder about 
six feet long supported by cables pass- 
ing through the nozzle openings. The 
template was removed after the brick 
lining had been installed a course or so 
above the autoclave horizontal center 
line. After two years the lead liner is in 
excellent condition, and a relining job is 
not anticipated for at least five years. 


—~n 


‘ 


= 


ni 


Control of Exhaust Fumes 


In the second case, in the new Besse- 
mer City, N. C., plant of the Lithium 
Corporation, lead-acid brick construc- 
tion was selected after previous trials 
with combinations of stainless steel and 
plastic to prevent corrosion associated 
with exhaust fumes from a rotary kiln 
in which an ore and sulfuric acid mix- 
ture was roasted at temperatures in the 
vicinity of 500 F. (Figure 4). The origi- 
nal plant design included a mild steel 
shell fog-type scrubbing tower lined 
with a plastic coating. Duct work be- 
tween the kiln and tower and from the 
tower to the exhaust fan as well as the 
exhaust stack were constructed of stain- 
less steel. A short section of the duct 
ahead of the tower was fitted with noz- 
zles to precool the gases in order to 
protect the plastic lining of the tower. 
However, in operation, small quantities 
of abrasive dust in the gases eroded 
away both the protective oxide film on 
the stainless steel ducts and the plastic 
lining of the tower. Consequently, the 
ducts, tower, fan and stack corroded. 

The tower situation was corrected by 
lining the fan and stack with Neoprene. 
Neoprene could not be used in the duct 
work ahead of the tower because the 
temperatures there reached 500 F. A 
precooler was needed to protect the 
Neoprene lining of the tower. To pro- 
tect the ducts and the tower, engineers 
designed a simple tower approximately 
4 feet in diameter and 18 feet high of 
mild steel to act as a vertical duct to 
carry the gases to the bottom of the 


(Continued on Page 102) 
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_ “When it comes to getting the most out of corrosion resistant means of doing a better job. And he gets a big kick out of 
oN coatings,” says Prufcoat Service specialist, Frank Percuoco, helping them do just that. 
i know-how is the important thing. Whenever a Prufcoat customer feels the need—or a 
in- As the man in charge of Prufcoat’s Mobile Service Unit Prufcoat sales-service representative spots the need—for spe- 
- serving Prufcoat customers throughout the Eastern United cial help or assistance, Frank is always ready, willing and 
to States, Frank can speak with authority. Protective coating able to pass along his know-how . . . the kind of down-to- 
vi know-how is his stock in trade. earth know-how that helps a plant get best possible protec- 
" Being a practical fellow, Frank knows that from a service tive coating performance for the least amount of money. 
tic viewpoint “show-how” is mighty important, too. He likes ; 
he nothing better than to unpack his gear, roll up his sleeves x (Ke) A 
i and show plant maintenance crews—not just tell ’em—how 
e. to take a Prufcoat coating (whether it be epoxy, vinyl or any ‘ oe 
ct other type) and put it to most effective, money-saving use. PROTECTIVE COATINGS 
1€ 
A Much of Frank’s time these days is spent conducting in- WHY NOT PUT PRUFCOAT SERVICE TO WORK FOR YOU? 
ae plant training classes, explaining and demonstrating surface Your Prufcoat representative can help you plan and execute 
= sreparation methods, coating application techniques and the kind of corrosion-control program that will save you 
rs prep & app q progr y 
ly sundry other good corrosion-control practices involving many precious new construction and maintenance dollars 
of chemical resistant coatings. He finds that most plant men ... and many maintenance headaches, too! There is no cost 
: are keenly interested in learning up-to-the-minute ways and or obligation. Just write or call © @ @ 


PRUFCOAT LABORATORIES, INC., 63 MAIN ST., CAMBRIDGE 42, MASS. 















































































































































































































































































































































































































































































































































Figure 4—Rotary kiln. The roaster gases at 500 F 

enter the lead-acid brick lined chamber at the left 

where they are cooled before entering the scrubbing 
tower at right. 


Lead-Acid Brick— 


(Continued From Page 100) 


scrubber. This tower or pre-cooler was 
lined with %-inch sheet lead for resist- 
ance to corrosion, and one course of 
acid-proof brick was set to protect the 
lead against abrasion and to insulate 
against extremes of temperature. A 2- 
inch Teflon pipe fitted with Teflon noz- 
zles was inserted into this pre-cooler 
from the top to supply the cooling 
water spray. A square horizontal duct 
of steel, lead and brick, similar in ar- 
rangement to the pre-cooler, connected 
the kiln exhaust hood to the pre-cooler. 
Because dust was expected to accumu- 
late in the horizontal duct, brick was 
used oniy on the bottom and_ sides, 
leaving the top side accessible for clean- 
ing. A mild steel plate protected on the 
underside with lead acted as a remoy- 
able cover for the duct. 

This installation was successful. The 
only maintenance to the duct and pre- 
cooler in over two years of operation 
has been one replacement of the lead on 
the duct cover. The original installation 
of stainless steel and plastic required 
almost constant maintenance, 

Like all methods of construction, 
lead-brick systems have certain draw- 
backs which may not seem important 
immediately. |Locating leaks is a serious 
problem when they occur in process 
vessels in service where brick hinders 
quick location and repair, even assum- 
ing faultless lead construction and no 
damage to the lead membrane during 
the bricking-in process. 


Methods of Locating Leaks 


When a leak develops in bonded lead 
lined vessels, the chemical penetrates 
the steel shell at that point and is im- 
mediately detected visually, Subsequent 
repairs are made from the shell side 
without disturbing the brick lining. As a 
result, a bonded lead lining may be 
preferable to a lead membrane. There 
is no need to convince anyone of the 
difficulty in locating leaks by the weep 
hole method, which in most cases estab- 
lishes the presence of a leak but little 
else. To find leaks, it is invariably 
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necessary to tear up brickwork. This is 
tedious, time-consuming, costly in terms 
of labor and material and prohibitive in 
terms of down time. Radiography‘ offers 
a solution but is somewhat hazardous, 
doubtful and is costly in application and 
down time. 


A more positive and economical 
method involves the application of ra- 
dioactive tracers’. A low-level tracer- 
solvent method depends upon the am- 
plifying effect a lead membrane has on 
a radiation-induced signal from a radio- 
active fluid source pumped behind and 
leaking through breaks in the lining. 
Scintillation or Geiger counters may be 
used as shown in Figure 5 to monitor 
the inside surfaces of a vessel to detect 
intensification indicative of a leak. 
Though simplified, Figure 5 describes 
the ease and accuracy of locating a leak 
within an area of no more than a few 
inches because of the build-up of radio- 
active material around the leak and to 
the change in attenuation of gamma 
rays attendant with the leak. 


This approach is perhaps the simplest 
from the operational and cost stand- 
points but is not restrictive. The basic 
procedure can be used in reverse fashion 
—with the vessel filled and the outside 
surfaces monitored. But certain draw- 
backs anticipated in using this method 
were confirmed by the recent work of 
Sullivan and Coleman® reported at the 
1957 Nuclear Congress. Working with 
lead lined wooden tanks, they found that 
the summation of radioactivity from all 
elements of volume within the tank was 
so much greater than that emanating 
from the lead channel itself that an ac- 
tivity differential could not be detected. 
In addition, if the optimum specific ac- 
tivity of 1.4 10° mc/ml (Nal) had 
been used, a total activity of 560 mc @ 
($0.50 per mc) would have been re- 
quired. This was considered an imprac- 
tical amount from both cost and health 
hazard standpoints. 


A flotation technique based on the 
solubility of iodine in organic liquids 
was used to avoid these difficulties. This 
technique consisted of floating a thin 
water-immiscible organic layer contain- 
ing radioiodine on the surface of water 
within the tank. When the liquid was 
raised and lowered past the leak site, a 
portion of the radioactive organic layer 
passed into the leak channel. Activity 
from this portion then could be detected 
easily when the organic layer subse- 
quently was removed. 


However, if the foregoing method 
were applied to brick-lined tanks, the 
brick would act as a diffusing barrier to 
the organic layer. Moreover, because 
brickwork is inherently porous and ca- 
pable of retaining quantities of tracer 
material, this may or may not be an ob- 
stacle depending on half life and the 
chemical activity of the isotope with re- 
spect to corrosion and process effluents. 
The behind-the-lead-lining method 
should minimize if not obviate these 
problems if accomplished quickly. It is 
expected that only those bricks imme- 
diately adjacent to the leak would be 
infected and probably would be removed 
during cleaning and repair. In all cases 
detergent cleansing or chelation could 
be used advantageously to remove ves- 
tiges of the tracer. 


Trader techniques may be workable 
in the areas of homogeneous lead lin- 
ings, sheet lead, or cage construction 
with or without brick supplements to 
determine the extent of corrosion occur- 
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Figure 5—Detection of breaks by radioactive tracers, 
Geiger counter indicates accumulation of radio- 
activity at the leak site. 


ring or, in another sense, forewarn of 
imminent failure. These would require 
studies of calibration and compatability 
with process effluents to present stop- 
pages. 
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The 1959 Corrosion Show is the fourth 
exhibition held by NACE in Chicago. 
® 


Latest developments in processes, ma- 
terials, methods, processes and equipment 
for corrosion control will be on display at 
the 1959 Corrosion Show. 


Visit the 


1959 Corrosion 
Show 


The afternoon of Tuesday, March 17, 
will be kept free of technical meetings 
so registrants may visit the show. Take 
the time every day to inspect the hun- 
dreds of exhibited items—all designed 
to help fight corrosion. 
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Electroplating and Metal Preservation 
Studies Utilizing Radioisotopes. S. L. 
Eisler. Paper before Am. Soc. for Test- 
ing Materials, 2nd Pacific Area Na- 
tional Meeting, Symposium on Radio- 
isotopes, Los Angeles, Sept. 21, 1956. 
\STM Special Technical Pubn., No. 
215, 5-12; disc., 13 (1958). 

Describes use of autoradiography for 
determination of porosity of nickel de- 
posits. Method consisted of using a 
layer of radioactive iron plated on a 
steel specimen and then overplated with 
film of nickel to be evaluated. Five dif- 
ferent nickel plating solutions were used 
to produce nickel plates of 0.2, 0.4 and 
0.6 mil thickness. Coupons so plated 
were then placed in intimate contact 
with type A X-ray film for 4-11 days 
depending upon thickness of nickel 
plate, in absence of light or other ioniz- 
ing radiation. Use of autoradiographic 
method as a tool to study porosity was 
found to be very effective. Surface pits 
as well as pores were indicated on au- 
toradiograph. 11 references.—INCO. 

15445 


2.3.2 

The Acetic Acid Salt-Spray Test: A 
Comparison with Other Methods of 
Simulating Service-Breakdown of Pro- 
tected Metal Surfaces. J. H. Hooper. 
Electroplating, 10, No. 12, 403-408 
(1957). 

A comparison is made between the 5% 
salt spray, the cold and hot acetic acid 
salt-spray tests, the sulfur dioxide test, 
and exposure in a rural industrial at- 
mosphere on nickel/chromium and cop- 
per/nickel/chromium coatings on steel, 
copper alloy and zinc-base die-castings, 
is well as on anodized aluminum. The 
acetic acid-5% salt-spray test is consid- 
ered to be the most universally useful 
test —MA. 15816 


2.3.6 

Film Supports and Impression Tech- 
niques in Electron Microscopy. Pt. I. 
R. Dargent. Metaux-Corrosion-Ind., 32, 
No. 380, 135-148 (1957). 

Deals with the preparation of films of 
collodion, Formvar, silica, carbon, alu- 
minum and alumina. The results of a 
comparative study of the transparencies 
of these films are given, and in all re- 
spects the alumina film seems the most 
acceptable—MA. 15572 


2.3.7 

Methods of Testing Anodic Coatings 
on Aluminium. Alluminio, 26, No. 1, 29- 
34 (1957). 

A review of methods for testing thick- 
ness, porosity, electrical-insulating qual- 
ity, resistance to corrosion and abrasion, 
and color fastness is given. Standard 
methods and apparatus are described.— 


MA. 15544 


2.3.7, 54.5 

Measuring Adhesion. I.C.I. Paints Di- 
vision Research Department. I.C.I. Fin- 
ishing Facts, 1957, October, p. 12. 

The adhesion of paint films to metal 
surfaces is measured by. driving a coated 
specimen, in the shape of a thin metal 
disc % inch in diameter, carrying a cen- 
tral circle of paint of % inch diameter, 
along a cylinder with the paint spot up- 
wards, against a spot perforated with a 
hole of the diameter of the paint spot 
such that when a critical velocity has 
been attained by increasing the pressure 
of the compressed air driving the disc, 
the paint spot flies off the metal disc. 
The velocity of the disc can be meas- 
ured by an electrical method, permitting 
a numerical value of the adhesion to be 
calculated.—RPI. 15960 


2.3.7, 5.3.1 

The Development of Testing Proce- 
dures and the Evaluation of Coatings 
for Tantalum, Graphite, Nickel and Cop- 
per. Period covered October 15, 1955 to 
January 15, 1957. W. A. Spraker, A. E. 
Weller, R. E. Hess, J. L. Harp and 
F. L. Bagby. Battelle Memorial Inst. 
U. S. Atomic Energy Commission 
Pubn., WADC-TR-57-317, June 10, 1957, 
52 pp. Available from Office of Tech- 
nical Services, Washington, D. C. 

The results of a program to evaluate 
the resistance of a number of coatings 
for copper, nickel, tantalum and graph- 
ite to erosion, oxidation and thermal 
shock under high temperature service 
conditions are summarized. Specimens 
were tested in the throat of a hydrogen- 
oxygen rocket motor which could pro- 
duce a maximum heat flux of approxi- 
mately 3000 Btu/sec sq ft, and a 
maximum temperature of approximately 
5500 F. The results indicate that sev- 
eral coatings have properties of promise. 
These coatings include Rokide A, chro- 
mium and chromium-nickel coatings for 
copper; Rokide A and chromium coat- 
ings for nickel, and a Rokide C coating 
for graphite. In general, flame sprayed 
and electrodeposited types of coatings 
appeared to be the most successful. 
None of the coatings for tantalum that 
were tested were successful. The failure 
of coatings on tantalum appears to be 
the results of oxidation of the tantalum 
through the coatings; a successful tanta- 
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lum coating, if developed, should have 
a low porosity. Tests of coatings applied 
by vapor deposition indicated that these 
coatings have relatively poor adhesion 
and are subject to erosion. (auth.)— 
NSA. 15429 





2.4 Instrumentation 





2.4.2 

Ultrasonic Inspection of Steel Slabs. 
Pt. I. (In Japanese.) Y. Sasaki et al. 
Tetsu to Hagané, 43, No. 9, 1073-1074 
(1957). Translation available from 
Henry Brutcher, Technical Translations, 
P. O. Box 157, Altadena, California. 

Shortcomings of the direct contact 
method of ultrasonic inspection of semi- 
finished steel, such as scale-covered 
slabs. Development of a new apparatus 
and procedure for speedy scanning of 
such materials. Advantages of proposed 
method. 1 figure-——HB. 15740 
2.4.2 

Continuous-Recording Laboratory 
Thermobalance. E. S. Bartlett and D. 
N. Williams. Rev. Sci. Instruments, 28, 
No. 11, 919-921 (1957). 

The design permitted transcription of 
weight changes from 3 to 70 mg/min. 
The apparatus was used to evaluate the 
relative oxidation-resistance of a series 
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of molybdenum alloys at approximately 
1800 F (1980 C). An instrument design 
for measuring oxidation rates approxi- 
mately 0.1 mg/hr is ec nannlia 


2.4.2, 4.7 

The Design and Construction of a 
Special Test Fixture for the Static Eval- 
uation of the Corrosive Effects of Boron 
Oxide at High Temperatures. C. R. An- 
drews. University of Dayton Research 
Center for Wright Air Development 
Center, U. S. Air Force, December, 
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1957, 51 pp. Available from Office of 
Technical Services, U. S. Dept. of Com- 
merce, Washington 25, D. C. (Order 
PB 131667). : 
A specialized high-temperature corrosion 
test fixture was developed which pro- 
vides for long-time exposure of mate- 
rials to static environments consisting 
of cyclic immersion in molten boron 
oxide at temperatures up to 3000 F 
under closely controlled conditions. Fea- 
tures of the fixture include an extensive 
electrical heating control system and an 
automatic specimen cycling mechanism. 
The fixture can be operated on a con- 
tinuous basis with a minimum of atten- 
tion. Engineering drawings, operating 
techniques and maintenance procedures 


are included.—OTS. 15723 


2.4.3 

Electromagnetic Methods of Non- 
destructive Testing. Pt. I. New Methods 
of Quality Control with Special Refer- 
ence to Their Automation. F. Forster, 
K. Sprungmann, A. Michalski and W. 
Koch. Technische Mitteilungen, 50, No. 
4, 162-174 (1957). Henry Brutcher Trans- 
lations, Box 157, Altadena, California. 

Introduction into fundamentals of 
eddy-current detection of cracks in steel 
parts. New industrial experience in the 
eddy-current testing of semi-finished 
steel. Nondestructive testing with mag- 
netic leakage flux methods. Crack de- 
tection by magnetography as first dis- 
closed by F. Forster in 1950; testing 
setup (diagrammatic); usefulness for 
continuous testing of welds, etc. Further 
development and automation of non- 
destructive testing testing with Mag- 
natest-Q (Q = quality) suitable for 
sorting by composition, tensile strength, 
hardness, case depth, decarburization, 
etc. Industrial applications and experi- 
ence with Magnatest-Q in the field of 
making and processing of steel. Figure 
43 pictures the routine application of 
Magnatest-Q for 100% quality control 
at a large steel company. 43 figures.— 
HB. 15785 
2.4.3, 5.3.4, 3.2.2 

Effective Thickness of Chromium 
Plate on the Sensitivity of Magnetic 
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Particle Inspection. W. Steindorf and 
B. Cohen. U. S. Wright Air Develop- 
ment Center, U. S. Air Force, October, 
1957, 13 pp. Available from Office of 
Technical Services, U. S. Department 
of Commerce, Washington 25, D. C. 
(Order PB 131608). 

Magnetic particle inspection is usually 
used to detect hidden cracks occurring 
in high-strength steel during and after 
chromium plating. The sensitivity of the 
crack-detection test is known to de- 
crease as the thickness of the plating 
increases. This research confirmed the 
deleterious effect of chromium plating 
on the sensitivity of the inspection proc- 
ess. A thickness of 4.5 mils was estab- 
lished as a practical limitation for effec- 
tive crack detection. It was indicated 
that the depth of a crack is the control- 
ling factor in adequate detection, and 
that crack width has little effect—OTS. 

15471 





5. PREVENTIVE MEASURES 





5.3 Metallic Coatings 





5.3.4 

Pack Chromizing Method Hikes Heat, 
Wear, Corrosion Resistance on Varied 
Components. Maurice C. Commanday. 
gaia Metalworking, 16, 46-48 (1958) 
an. 

Method allows application of inex- 
pensive materials for use of gas stove 
radiants, gas turbine components, heat 
treat fixtures and piercing dies. Depth 
of chromium diffusion depends on car- 
bon content of base metal—MR. 15604 


5.3.4 

Corrosion Protection by Electrolyti- 
cally Deposited Metal Coatings. (In 
German.) J. Elze. Metall, 12, No. 1, 32- 
38 (1958) Jan. 

After discussing the behavior of the 


coating and base metal from the point 
of view of corrosion chemistry, the au- 
thor presents data for the thickness of 
coatings, giving for example, 0.008 to 
0.013 mm for zinc on steel, cadmium on 
steel or copper, 8 to 13 yw. Examples are 
also discussed of the corrosion protec- 
tion of zinc, cadmium and other metals 
and alloys. Zinc will protect steel from 
atmospheric corrosion provided that not 
much sulfur dioxide is present. Zinc is 
attacked by alkalis. The action of water 
depends on its composition and tem- 
perature. Deposition from acid electro- 
lytes is preferred since hydrogen per- 
oxide liberated from alkali may cause 
embrittlement of the base metal. Zinc 
coatings can be soldered only when 
freshly prepared but cadmium can be 
soldered after long periods. Otherwise 
cadmium behaves similarly to zinc. 1 


table—RPI. 15640 


5.3.4 

Corrosion Resistance of Thermally 
Galvanized Steel in Water of Various 
Kinds. (In Dutch.) J. F. H. van Ejijns- 
bergen. Bedrijf en Techniek, 13, No. 
297, 56-68 (1958) Jan. 25. 

Effects of dissolved salts, tempera- 
ture and speed of flow, time, and na- 
ture of the construction material—BTR. 

16102 
5.3.4 

Plating with Ultrasound. H. A. Reich. 
Electrodeposition Co. Pacific Factory, 
89, No. 3, 30, 46 (1958) March. 

Time requirements can be greatly 
reduced, common coatings defects can 
be avoided, normally-inaccessible areas 
can be finished and even rusty or greasy 
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Dual range 1000 ohm/volts and 62,500 
ohm/volts meter designed by practicing 
corrosion engineers to perform all the 
necessary measurements in connection 
with the installation and control of 
cathodic protection systems. You 
will find this rugged instrument 
just what you have been looking 
for to give the precise measure- 
ments you need. Designed to 
give reliable readings in field 

use. 


COMPACT 
a Light-Weight 


Complete With All Normally 
Used Controls and Adjustments 
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parts can be processed satisfactorily 
where plating is done with ultrasound. 
In electroless nickel plating, during 
which no current is employed, it has 
the primary advantage of saving time 
and improving luster of coatings. Elec- 
troless nickel plating baths, heated to 
95 C, will deposit about 0.2 mils of nickel 
on metalparts in about 45-55 minutes; 
when irradiated with ultrasound at 20 
ke per second, the same baths will 
build up 1.0 mil coatings in periods 
averaging 15 minutes.—INCO. 15631 
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5.3.4, 3.5.8, 6.2.5 

Chromium Plating for Protection 
Against Stress Corrosion Cracking of 
Hardened AISI 410 Steel. Henry Suss. 
Knolls Atomic Power Lab. U. S. 
Atomic Energy Commission Pubn., 
KAPL-M-HOS-4, April 22, 1958, 16 pp. 
Available from Technical 


















































Office of 
Services, Washington, D. C. 

Because of its high corrosion resist- 
ance properties, chromium electroplate 
should offer protection to AISI 419 
steel against stress corrosion cracking. plating. 
Tests have been made (KAPL and Bet- are 
tis) on chromium plates on test speci- 
mens as deposited by two different 
sources in conformance with Bettis and 
USMC specifications. These deposits 
either offered protection to 
(RC36-42) AISI 410 against stress cor- 
rosion cracking, or caused accelerated 
stress corrosion cracking under condi- 
tions which did not crack unplated ma- 
terial. At present there is no significant 
data which could give definite clues for 
these extreme differences in the corro- 
sive protective values. The results of 
tests so far strongly question the value 
of chromium plate as a means to pro- 
tect AISI 410 against stress corrosion 
cracking.—NSA. 15973 
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5.3.4 

Vapour Plating of Nickel. L. W. 
Owen. Metal Ind., 92, No. 12, 227-230 
(1958) March 21; disc., ibid., No. 14, 
273 (1958) April 4. 

Describes equipment and process for 
nickel plating by thermolysis of nickel 
carbonyl in vapor stage. Plating at low 
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has advantages of precision 
control of vapor flow, plating rate and 
quality of deposit but requires vacuum 
equipment. Plating vessel, high-vacuum 
system, vapor system, and diluent gas 
system are described. Process variables 
and properties of coatings are consid- 
ered. Low pressure process permits safe 
operation; highly toxic nickel carbonyl 
vapor does not issue into atmosphere 
should leak develop in equipment. Best 
are obtained at 
Schematic diagram of plant layout.— 
15491 


210-230 C. 


Alkaline Nickel Plating. E. B. Saube- 
stre. Sylvania Elec. Products, Inc. Plat- 
ing, 45, No. 5, 479-485 (1958) May. 

Some of reasons why: nickel is almost 
never deposited from alkaline solutions 
are reviewed. Equilibrium data for vari- 
ous complexing agents are used to cal- 
culate deposition potentials for nickel. 
It is shown why caustic and cyanide 
baths cannot be used for alkaline nickel 
Polyphosphates and 
suitable 


Some exam- 
ples are given of solutions which have 
been presented in the literature, notably 
for plating on zinc. Adapting of alkaline 
electroless nickel bath to electroplating 
is outlined. Tables —INCO. 


Corrosion Studies with Nickel-Chro- 
mium Plate. H. Brown, M. Weinberg 
and R. J. Clauss. Plating, 45, 144-150 
(1958) Feb. 

Best improvement in the outdoor cor- 
chromium-plated 
fine-grained bright nickel deposits were 
obtained by operating the bright chro- 
mium plating bath at 
chromic acid 


15610 
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ammonia 
complexing 
agents, while dibasic carboxylic acids, 
alpha-hydroxy carboxylic acids, alpha- 
amines are suitable 
organic complexing agents. Use of Ni* 
hardened ion is not recommended. 


16093 


and at 
anhydride to 
sulfate of 150:1 to 200:1, and with the 
use of at least 0.03 mil of bright chro- 
mium plate, preferably 0.05 to 0.08 mil. 
6 references.—MR. 


5.3.4 

Chromized Steel of Higher Corrosior. 
Resistance. N. F. Vyaznikov and A. N. 
Popandopulo. Metalloved. i Obrabotk: 


Metal. No. 3, 60-61 (1958) March. 
Translation available from Henry Brut- 
cher, Technical Translations, P. O. Box 
157, Altadena, California. 

Specimens of low carbon steel 20(0.17- 
0.25 carbon, 0.35-0.65 manganese, 0.17- 
0.37 silicon, maximum 0.04 phosphorus, 
maximum .045 sulfur, maximum eact 
0.30 nickel and chromium) and of Armec 
iron were chromized in a mixture of 
50% low carbon ferro chromium, 45% 
alumina and 5% ammonium chloride at 
1200 C for 8 hours and carburized for 
4 hours at 930 C. Formation of a layer 
of chromium carbides in carburizing of 
chromized specimens improves continu- 
ity of chromized layer and therefore its 
corrosion resistance. Explanation is ap- 
parently that the increase in volume 
when carburizing chromized specimens, 
owing to carbide formation compresses 
case at surface and seals pores at car- 
burizing temperature of 930 C. Also 
when a chromized steel is carburized 
there is an increase in chromium con- 
centration at surface through diffusion 
of chromium atoms to carbon diffusion 
front, which also increases corrosion 
resistance. Photomicrograph, 1 table, 1 
figure.—-INCO. 15643 


5.9 Surface Treatment 





5.9.4, 6.4.2 

Bright Anodizing by the Modified 
Erftwerk Process. R. Peek and A. W. 
Brace. Electroplating and Metal Finish- 
ing, 11, No. 3, 71-76, 78 (1958) March. 

Deals with improvement in Erftwerk 
chemical brightening process for alumi- 
num. Process employs solution based 
on ammonium bifluoride-nitric acid in 
presence of small amount of lead. By 
addition of brighteners optimum bright- 
ness range can be extended and good 
results obtained on aluminum of 99.8% 
purity and above. Bath characteristics, 
conditions for bright anodizing and op- 
erating experience are discussed. Tables, 
graphs.—INCO. 15478 


5.9.4 

Anodizing: Observations and Recent 
Improvements. (In French.) F. Flusin. 
Alluminio, 27, No. 1, 13-18 (1958) Jan. 

The technique of bulk anodizing of 
small pieces has recently been further 
developed in France. The author pre- 
sents a survey of the materials and 
methods used in such procedures. It is 
hoped that the process of bulk anodiz- 
ing may be extended to the treatment 
of large pieces. Another development 
reported is a method of sealing, with 
a phenolic resin, porous or cracked 
castings, whereby such defective pieces 
can be rendered suitable for color ano- 
dizing. French research is also engaged 
in the investigation of the chemical 
process which is responsible for the for- 
mation of white powdery deposits on 
architectural aluminum subjected to the 
effects of certain industrial atmospheres. 


—ALL. 15461 










5.9.4, 6.4.2 

New Developments in Anodizing Alu- 
minum. Richard F. Hafer. Plating, 45, 
No. 6, 623-627 (1958) June. 

The major developments in the field 
of anodizing aluminum which have 
taken place in the past four or five 
years have been developments of ap- 
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plication rather than principle. The ac- 
ceptance of anodizing as a decorative 
ind protective finish in the automotive 
industry, the increasing use of color 
inodizing in the architectural field, the 
levelopment of thick, dense coating 
laving great abrasion resistance, the use 
of anodizing as a means of electrical 
insulation and better quality materials 
ire fundamentally developments of ap- 
plication. The author discusses anodiz- 
ing principles, properties of anodic films 
on aluminum, (corrosion resistance, 
abrasion resistance and dielectric 
strength), the effect of alloy on color 
and properties of anodic films, and ap- 
plications —ALL. 1 


5.9.4 

Some Thoughts on the Treatment of 
Surfaces by Anodic Oxidation. J. M. 
Kape, Metal Finishing J., 4, No. 38, 39- 
43, 60 (1958) Feb. 

Briefly describes 6 different anodic 
treatments—sulphuric acid, chromic 
acid, oxalic acid, malonic acid, sul- 
phamic acid and sulphosalicylic acid. 
Pre- and post-treatments are also con- 
sidered. Article pertains mainly to ano- 
dizing of aluminum.—INCO. 15512 


5.9.4, 6.4.2 

Films of Aluminum and Chromium 
Phosphates on Aluminum and Its Al- 
loys. I. V. Krotov, V. V. Grinina and 
N. A. Zapol’skaya. J. Applied Chem., 
U.S.S.R. (Zhur. Priklad. Khim.), 31, 
33-40 (1958); Chem. Absts., 52, No. 10, 
7986 (1958) May 25. 

Plates of aluminum and its alloys 
were passivated in aqueous solutions of 
sodium fluoride plus phosphoric acid 
plus potassium dichromate at 45 C., 
washed with water, submerged 10 min 
in 5% chromate solution at room tem- 
perature and dried 24 hours in the air. 
The stability. of the films, tested with 
drops of sprays of hydrochloric acid 
increased with the duration of passiva- 
tion and with the concentration of the 
constituents of the solution. For each 
of these variables there was a limiting 
value beyond which the film stability 
decreased. The composition of the film 
was: chromic orthophosphate 48.7, alu- 
minum orthophosphate 34.89 and water 
16.24%.—ALL. 159 


5.9.4 

Chemical Surface Treatment of Non- 
Ferrous Metals. (In German.) H. Kel- 
ler and F. E. Faller. Metalloberflache, 
12, No. 5, 145-149 (1958) May. 

Chemical reactions leading to the for- 
mation of protective coatings on ano- 
dized, MBV, chromate and phosphate- 
treated aluminum, are reviewed. Growth, 
properties and practical utilization of 
such oxide phosphate and chromate 
films are summarized.—ALL. 15932 





6. MATERIALS OF 
CONSTRUCTION 





6.3 Non-ferrous Metals 
and Alloys—Heavy 


6.3.20, 3.8.4, 3.5.9 

Oxidation of Zircaloy-2 and 3A at 
300 to 850 C. E. A. Gulbransen and K. 
F. Andrew. AIME Transactions, Metal- 
lurgical Soc., 212, No. 2, 281-286 (1958) 
April. 

From 500 to 750 C the alloys oxidized 
at a faster rate than pure zirconium 
while below 500 C the pure metal re- 
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acted at a faster rate. The cubic-rate 
law fits the data best for the abraded 
specimens. Rate data for chemically 
polished specimens show a good fit to 
the parabolic-rate law. 19 references.— 
MR. 16030 


6.3.15 

Design Characteristics of Titanium. 
L. W. Long. Mallory-Sharon Titanium 
Corp. Machine Design, 30, No. 3, 137- 
140 (1958) February: 6. 

Mechanical, physical, 
corrosion properties of 
pure titanium (MST-70, MST-55 and 
MST-40) presented in tabular and 
graphic form. Table compares corrosion 
resistance of titanium, tantalum and 
Type 316 to many types of corrosive 
media, including most troublesome in- 
dustrial chemicals —INCO. 15442 


thermal, and 
commercially 
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6.3.15, 3.4.6, 1.2.5 

Reactions of Titanium with Water 
and Aqueous Solutions. Quarterly Rept. 
No. 4 (Rept. No. 11) for December 16, 
1957-March 15, 1958. Fred E. Littman 
and Franklin M. Church, Stanford Re- 
search Inst. U. S. Atomic Energy Com- 
mission Pubn., AECU-3675, March 15, 
1958, 14 pp. Available from Office of 
Technical Services, Washington, D. C. 

The limits of autoignition of titanium 
at 300 C were investigated using sys- 
tems composed of oxygen-steam and 
oxygen-helium mixtures. The results 
indicate that the lower limit under these 
conditions is not appreciably different 
from that at room temperature. Prelim- 
inary experiments have shown that zir- 
conium ignites spontaneously if a fresh 
surface is exposed to sufficiently high 
concentration of oxygen—NSA. 16067 


CASING IN 62 OIL WELLS 
PROTECTED FROM CORROSION 


Here’s how an oil producing company on the Gulf Coast 
stopped external casing corrosion on 62 of its wells. Five of 
the wells were in a salt water bay. 

Potential-drop profiles indicated that cathodic protection 
could be applied to the total depth of 5,500 feet. CSI deter- 
mined the current reuirements, using the log current-potential 


method. 


Then CSI engineers designed and installed a protective sys- 
tem for each well based on a guaranteed current output. The 
range of current requirements was from 0.5 to 6.2 amperes. 
The necessary current was delivered from ground beds each 
containing from two to 16 magnesium anodes. Galvomags, 
Dow’s new high potential anodes, were used in special lengths 
to provide 10-year installation life at the lowest possible cost. 
This cost ranged from $215 to $510 per well. 

Call or write today for estimates or quotations on your 
cathodic protection needs—materials or services. No obligation. 


(cSt) 


Cleveland 13, Ohio 
1309 Washington Ave. 
Tel. CHerry 1-7795 


CORROSION SERVICES 


INCORPORATED 


General Office: Tulsa, Okla. 


Mailing Address: 


Box 787, Sand Springs, Okla. 


Tel. Circle 5-1351 
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Positions Wanted 










Experienced in all phases of cathodic 
protection. 414 years. Seeking progres- 
sive position where initiative and enter- 
prise will be rewarded. Supervising and 
overseas experience, 
prepared to re-locate. 
30x 59—2. 


married, age 32, 
CORROSION, 







Corrosion Engineer — Experienced all 
phases of pipeline corrosion. Petroleum 
engineer with 21 years background of 
refinery, chemical plant, and power 
house experience. Married, age 41, de- 
sires position South or Southwest. Re- 
ply CORROSION, Box 59-7. 


Coatings Salesman—Twelve years con- 
tinuous experience in all phases of 
industrial paint sales including mainte- 
nance, product finishing, marine coat- 
ings and painting contractors. Prefer to 
remain on West Coast. Married, Age 
35 - Excellent references. CORROSION 
—Box 59-8. 


Electrochemist-Metallurgist: Corrosion 
specialist widely experienced. Supple- 
mentary background in metal finishing 
and plastics. Bachelor’s and advanced 
degrees. Presently laboratory supervisor. 


Seek more responsible position. COR- 
ROSION, Box 59-9, 
PhD. Physical Chemistry, B.S., ChE, 6 


years’ experience applied and basic re- 
search, corrosion of metals by gases and 
high temperature water. Lead engineer, 
technical papers. Strong background 
fundamentals of corrosion, kinetics, ma- 
terials evaluation, statistics. Age 31, 
married. CORROSION, Box 59-6. 





Positions Available 





Sales Engineer. Opportunity of a life- 
time. Progressive top rated Eastern 
paint manufacturer has splendid opening 
for experienced corrosion prevention 
salesman. Prefer young man with ability 
to manage, supervise and train salesmen 
in his department. Future possibilities 
unlimited and depending on his ability. 
Replies treated in strict confidence. 
CORROSION, Box 59-1. 


Metallurgists—For research and devel- 
opment on high strength steels, precision 
castings, heat resisting alloys, inert and 
shielding metal arc and resistance weld- 
ing; or for research and development of 
materials and processes as applicable in 
the development of catapults, arresting 
gear and aircraft and guided missile 
equipment. Salaries $4490 to $8810 per 
annum. Write Naval Air Material Center, 
Naval Base, Philadelphia 12, Pa. 


Sales Engineer—Opportunity of a life- 
time. Progressive top rated Eastern 
Paint Mfg. has splendid opening for ex- 
perienced corrosion prevention salesman. 
Prefer man with ability to manage, su- 
pervise and train salesmen in his depart- 
ment. Future possibilities unlimited de- 
pending on his ability. Replies treated in 
strict confidence. CORROSION, Box 
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POSITIONS WANTED 
and 


AVAILABLE 


@ Active and Junior NACE members and 
companies seeking salaried employees 
may run without charge two consecutive 
advertisements annually under this head- 
ing, not over 35 words set in 8 point 
text type. 

@ Advertisements to other specifications 
will be charged for at $10 a column inch. 





Positions Available 


CORROSION 
ENGINEERS 


OPPORTUNITY AT 


ESSO RESEARCH 
AND ENGINEERING COMPANY 


{Chief Technical Affiliate— 
Standard Oil Company 
(New Jersey)} 


The opportunity exists for a Cor- 
rosion Engineer to join a major 
oil company involved with all 
phases of the petroleum _in- 
dustry. The activities include the 
application of corrosion mitigat- 
ing methods to plant problems 
and the development of new 
methods in the laboratory. Pilot 
plant and laboratory studies are 
conducted to determine the con- 
struction materials and corrosion 
control methods required on new 
processes. Some domestic and 
foreign travel required. 


Will consider college graduates 
with 3 years experience in petro- 
leum or chemical industry cor- 
rosion. Must be familiar with 
corrosion mechanisms and cor- 
rosion mitigating methods. High 
scholastic records required. 


Give full details of education, 
experience, desired salary and 
references. All inquiries will be 
considered promptly and_ held 
confidential. 


Address replies to: 


ESSO RESEARCH 
AND ENGINEERING COMPANY 


ESSO RESEARCH CENTER 


Employee Relations—P 


P, O. Box 175 


Linden, New Jersey 





NATIONAL ASSOCIATION OF CORROSION ENGINEERS 








Positions Available 





Sales Representatives for line of corro- 
sion proofing coatings and sealers. This 
is an excellent opportunity to associate 
with a small but soundly growing firm 
that has top notch technical background. 
Protected territories with close coopera- 
tion on a high quality line of products. 
Please give full details of experience in 
first letter. CORROSION Box 59-5. 


WANTED 
National Sales Outlet 


Well established U. S. manufacturer desires 
to associate with a sales organization op- 
erating in the continental United States, 
and, preferably, its territories to handle the 
sale of a new type paint formulated to 
prevent the corrosion of steel, aluminum 


and other metals. Material is being manu- 
factured under an exclusive license agree- 
ment with a large European chemical firm. 
Material has been used extensively for the 
past 10 years in Europe, Asia and Africa, 
and has achieved phenomenal results. In- 
terested parties should presently be contact- 
ing chemical a. shipyards, construction 
companies, highwa epartments, fabri- 
cators, etc. Include all | particulars first letter. 
CORROSION—Box 59-3. 


CORROSION ENGINEERS 


Several attractive openings are avail- 
able with a highly regarded, major 
Eastern engineering company. These 
positions require Electrical Engineer- 
ing graduates with 5-10 years experi- 
ence in corrosion control investigations, 
corrosion testing and solution of corro- 
sion problems on pipelines, underground 
cables, power plant structures, piers, 
wharves, water and oil storage tanks, 
etc, 

These positions offer ample oppor- 
tunity for professional growth and per- 
sonal achievement. Considerable travel 
within the USA with possibilities of 
some overseas work, We invite you to 
investigate these opportunities by for- 
warding a complete confidential resume. 


CORROSION, Box 58-17 





6.3.17, 8.8.5 

Processing of Uranium—Zirconium 
Alloys. J. W. Holladay, J. G. Kura, 
J. H. Jackson, H. A. Saller, R. F. Dick- 
erson and S. J, Paprocki. Battelle Me- 
morial Institute. U. S. Atomic Energy 
Commission Pubn., BMI-877, October 
20, 1953 (Declassified Feb. 23, 1957), 
22 pp. Available from Office of Tech- 
nical Services, Washington, D. C. 

The preparation and forging and roll- 
ing characteristics are reported for the 
alloys prepared in the CVR program to 
develop a corrosion-resistant high-ura- 
nium alloy. Both arc melting and induc- 
tion melting were used, but the majority 
of alloys were prepared by arc melting. 
Investigated were the binary uranium- 
zirconium system and ternary uranium- 
zirconium base alloys with molybdenum, 
niobium, titanium, thorium and _ tin. 
Ternary alloys of greatest interest were 
in the uranium-zirconium-molybdenum 


system. (auth.)—NSA. 15850 





6.4 Non-ferrous Metals 
and Alloys—Light 





6.4.4, 3.6.8 

Corrosion of Anodically and Cathodi- 
cally Polarized Magnesium in Aqueous 
Media. G. R. Hoey and M. Cohen. J. 
Electrochem. Soc., 105, No. 5, 245-250 
(1958) May. 
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The effect of current density, pH, and 
temperature on the anodic behavior, ca- 
thodic behavior, and corrosion of mag- 
nesium in aqueous solutions has been 
ctudied. A tentative mechanism for the 
<nodic oxidation of magnesium is postu- 
lated. Local corrosion and/or undermin- 
ing of metallic magnesium at the anode 
ere appreciable and may, in fact, ac- 
count for the observed low anodic cur- 
rent efficiencies of magnesium. An 
intergranular type of corrosion occurs 
t cathodically polarized magnesium at 
levated temperatures. A hydrogen em- 
writtlement theory is proposed to ex- 
plain intergranular cathodic corrosion. 
auth)—ALL. 15633 


1.4.4, 5.9.2, 5.9.4 
Magnesium and Protective Coatings 
or Magnesium. Harry A. Evangelides. 
lating, 45, No. 5, 493-498 (1958) May. 
Brief history of the production of 
nagnesium; use in the United States; 
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cathodic protection service 


Twenty cathodic protection 
engineers with a combined 
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ence available to serve you 
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CORROSION SERVICE LIMITED 
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A Complete Service in Corrosion Engineering 
Design and Installation of Cathodic Protection 
Systems. 
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properties and surface protection. The 
type of corrosion which mostly: occurs 
on magnesium surfaces is galvanic cor- 
rosion. Metallic impurities in magne- 
sium greatly influence the rate of corro- 
sion. A large number of chemical and 
electrolytic coatings have been devel- 
oped for the protection of magnesium 
surfaces; these include chrome pickle 
treatments, acid dichromate treatment, 
sealed chrome pickle treatment, Iridite 
No. 15 process, galvanic anodize and 
Manodyze process. Electrolytic coatings 
are applied by various processes includ- 
ing Cr-22 coating, Dow 17 coating and 
the HAE process. Generally chrome 
pickel treatment is applied to castings 
and other forms of magnesium to pro- 
tect the surface during storage or ship- 
ment. The chrome pickle films do not 
interfere with the application of the 
HAE coating. If the chrome pickled 
surface is free from oil the parts can 
be processed without any cleaning treat- 


Electro Rust-Proofing Corp. 
Engineering Division 
Corrosion Surveys 

Cathodic Protection Design 
Plans * Specifications 
Electrolysis Control 

Testing 


BELLEVILLE 9, NEW JERSEY 
Atlanta * Chicago * Dallas * Monrovia 


© Complete 


CATHODIC PROTECTION 


Systems . . . service for special ap- 
— water tanks and pipe 
ines, 


HARCO CORPORATION 


16901 Broadway Cleveland, Ohio 


CORROSION ENGINEERING 


SURVEYS @ DESIGNS @ SPECIFICATIONS 
Impartial Evaluation 
THE HINCHMAN 
CORPORATION 


Engineers 
Francis Palms Bidg., Detroit 1, Mich. 


Interprovincial 
Corrosion Control 


es NTR: 

i ccc Company Limited 
Head Office: P. 0. Box 167, Burlington, Ont. 
100 Examiner Bidg., Calgary, Alta. 
CANADA 


Surveys & Design 
Installations 


CONSULTING 
ENGINEERS 











—) your shield against corrosion 


PROVEN EXPERIENCE 
in Installation, Field Survey, Design 
© RECTIFIER SYSTEMS © GALVANIC ANODES 

YOU CAN RELY ON RIO 


P. 0. Box 6035 BTIN( Te 


NOILDIL0¥d JIGOHILY)D 








JAckson6-1259 


ENGINEERING DIRECTORY 








109 


ment. There are several types of post 
treatments which can be applied to the 
hard-type HAE coating. If the treated 
parts are to receive a supplemental 
finish, they are immersed for about 1 
minute in a dichromate-bifluoride solu- 
tion and air dried without rinsing. The 
surface is then ready for paint or other 
organic finish. For maximum corrosion 
resistance or if the parts are to be used 
without a supplemental organic finish, 
they are immersed, as before, in a di- 
chromate-bifluoride solution for 1 min- 
ute, air dried without rinsing and aged 
in a humid atmosphere at about 175 F 
for 7 hr or longer.—ALL. 15641 


6.4.4, 8.4.5 

Magnesium and Its Alloys. Applica- 
tions in Nuclear Engineering. T. J. 
Heal. United Kingdom Atomic Energy 
Authority, Eng. Nuclear Eng., 3, No. 
23, 52-61 (1958) Feb. 

The physical, chemical and mechani- 
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cal properties of magnesium and mag- 
nesium alloys for nuclear engineering 
applications are reviewed. Tables and 
graphs are included.—NSA. 15938 


6.4.4, 3.6.5 

Contribution to the Study of the 
Mechanism of Corrosion in Magnesium 
and in One of Its Alloys. (In French.) 
Guy Bronoel. Compt. Rend., 246, No. 
19, 2750-2753 (1958) May 12. 

The potential versus pH curves of 
electrodes prepared from _ high-purity 
magnesium and magnesium-3% alumi- 
num-1% zinc alloy, immersed in a solu- 
tion of hydrochloric acid, were studied. 
The findings were complemented with 
micrographic and radiocrystallographic 
investigations. The phenomena observed 
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and described suggest that the rate of 
corrosion depends on the existence of 
local elements formed by non-solute 
alloying constituents. The influence of 
minute iron contents on the kinetics of 
the process was demonstrated.—ALL. 

15939 





6.6 Non-Metallic Materials 


6.6.11 

Timber as a Corrosion Resistant Ma- 
terial. V. R. Gary. Corrosion Preven- 
tion and Control, 5. No. 5, 65-68 (1958) 
May. 

Discusses types of woods resistant to 
corrosive media and environments, use 
of timber for cooling towers, preserva- 
tion of woods by coating or impregna- 
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tion and corrosion problems associatec 
with timber. Table.—INCO. 15990 


6.6.3, 3.8.3 

Degradation and Passivation of Ele. 
mental Boron. George T. Miller. Hook 
er Electrochemical Co. U. S. Atomic 
Energy Commission Pubn., HEC-88 
April 18, 1958, 9 pp. Available fron 
Office of Technical Services, Washing- 
ton, D. C. 

Elemental boron was found to de- 
grade during processing and storage by 
adsorbing gases and water vapor. Heat- 
ing to 700 C in an inert atmosphere 
greatly increased the rate of adsorption. 
It was found that the boron could be 
passivated by drying in an oxygen at- 
mosphere, under vacuum at 100 C. 


(auth)—NSA. 16130 





6.6.8 
Epoxy Resins in Corrosion-Resistant 
Applications. P. A. Dunn. Corrosion 


Technology, 5, No. 5, 143-147 (1958) 
May. 

Covers chemistry and properties of 
epoxy resins and reviews extensive use 
of casting resins, glass fiber reinforced 
resins, surface coating resins, air dry- 
ing finishes and filler systems in corro- 
sion resistant applications. Tables sum- 
marize corrosion resistance of Araldite 
Casting Resins B and of Araldite 961A 
coating in numerous corrosive media.— 


INCO. 16024 










7. EQUIPMENT 


7.6 Unit Process Equipment 


7.6.4, 4.3.2, 4.2.3 

The Formation of Sulphuric Acid in 
Boiler Flue Gases. W. F. Harlow. 
Paper before Am. Soc. Mechanical En- 
gineers, Annual Mtg., New York, No- 
vember 25-30, 1956. Trans. ASME, 80, 
No. 1, 225-232; disc., 232-234 (1958) Jan. 

Formation of sulfuric acid which af- 
fects boiler-plant operation is a surface 
effect which occurs mainly on heating 
tubes, particularly the superheater. 
Some formation can take place on fur- 
nace walls but in boilers with large 
combustion chambers this is small com- 
pared with that formed _ elsewhere. 
Effect can be controlled and prevented 
for considerable periods by _ surface 
treatment of tubes, both metallurgical 
and chemical, and therefore, acid for- 
mation is not an inherent feature of 
combustion process, nor is its preven- 
tion an insuperable problem. It is be- 
lieved that more progress could be made 
in avoidance of boiler deposits and cor- 
rosion by preventing acid formation 
than by dealing with its effects, thereby 
obviating at the same time a serious 
source of atmospheric pollution. Photos, 


graphs, 14 references —INCO. 16071 


7.6.4, 4.6.2 

Boiler Corrosion and Its Alleviation 
by Feedwater Conditioning. A. Laird 
and N. Reast. Corrosion Prevention and 
Control, 5, No. 2, 35-38 (1958) Feb. 

Phenomena occurring in boilers at 
rest and in boilers under steaming con- 
ditions are described. Forms of corro- 
sion encountered are: scab pitting, soft 
scab pitting, wasting of boiler surfaces, 
internal and external high temperature 
oxidation, necking and grooving, corro- 
sion from dissimilar metals in contact, 
stress corrosion and caustic cracking. 
Cause and nature of each of these types 


of attack are discussed. Photographs.— 
INCO. 15511 


Vol, 15 








February, 
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tec | 7.6.6, 4.3.3 


990) Alkaline Digester Corrosion. J. J. 
eo Paper wre Canadian a 
an aper Assoc., Pacific Coast Branch, 
le. Spring Convention, Harrison Hot * Something Prom The Inishoman”™ ~ 
ok springs, B. C., April 25-27, 1957. Pulp 2a 
mic ind Paper Mag. Canada, 59, No. 1, S 
-88 ‘04-108 (1958) January. 
on Causes, repair and prevention of cor- 
ng- osion in digesters. Digesters considered A 


ire of 3 different types of metallurgy, 







de- iamely 6 unlined, 4 lined with Type 316 

by ind 2 lined with Inconel. Most of corro- i 

at- sion is due to hot-plate boiling during ., 
ere -harging of ships and liquor; brief sum- 

on. mary of hot-plate boiling theory. Dia- 

be grams relate corrosion pattern within ae ’ n 
at- digester to method of charging (low oo eg - . 
aa and high capacity knot pumps). Cor- ok ; : ms 
130 rosion pattern diagrams for stainless- . : 


lined and unlined digesters are shown. 
Scale formation is discussed. Very little 


WHERE IT 


ant scale is found on stainless steel, whereas 

on up to 70% of surface of Inconel lining 

8) is covered with brownish, hard and 

. very thin carbonate scale. Corrosion due 

ot to galvanic action between stainless 

IS€ steel strainer plates and frames and 

ed mild steel clamps and shell is reported. 

Bis In unlined and Inconel-lined digesters, 

O- there has been no need for repairs ex- 

n- cept for replacement of strainer plate 

ite clamps and welding up of cavities in 

A unlined digesters. Problem of serious 

— local thinning was encountered in stain- 

24 less-lined digesters; this was solved by 

— | strip-lining with Inconel rather than MALONEY CROSSING INSULATORS have Quality Where It Counts. 
[Type 316. Design of ship and liquor 

_ charging devices is nn In engineering for effective service at minimum cost; in rubber and 
7.6.8, 8.8.1 plastics compounds that provide trouble-free long life; and in 
rene ee foe ren manufacture to insure ample strength under the most adverse 

in MacDonald. Chemistry and Industry, : : : iti 

Z No. 12, 338-345 (1958) March 22. installation and operation conditions. 

a Description of Scottish Agricultural The three basic models designed by Maloney engineers 

)- Industries Ltd. plant designed to pro- 4 . 4 : zs ; 

0, duce 110 long tons of sulfuric acid per provide a solution to the widest variety of installation problems. 
2. x f 9g ) i . . 

f oe raise 8 ae pan Standard sizes range from two inch carrier in all models, up to 

e 10% sulfur dioxide and at temperature as : ‘ 3 i) . : : - 

7 of Meads ET Petcida cc unlimited sizes in steel-and-Neoprene, and 30 inch carrier in plas 

r. tersen towers are built in acid-resisting tics. There is a performance proven Maloney insulator for your 

‘ brick made impermeable by means of : : , . hen if . 

e polyethylene barrier. To prevent spall- crossing, even if the carrier-casing differential is only one pipe size. 

\- ing, inner brickwork in denitration 

Bi tower was formed in Metaline. Acid 

d coolers are of Pyrex. Acid leaving cool- 

e ers and nitration towers flows to brick- 

1 lined mild steel cisterns. Piping is cast SEND ‘EM HOME IN STYLE 

- iron. Pumps have R.55 impellers and 

f nickel iron casings. Sprays in towers The Maloney Texas Steer makes the toughest part of 


the crossing easier. Temporarily installed on the casing, 


- are made in 15 nickel iron. Ammonia 
the Texas Steer makes possible faster insertion of the 


oxidation unit uses platinum-rhodium 








e gauze convertor. Necessary gas cooling prepared carrier section without damage to pipe-wrap, 
- is obtained by stainless steel pipe. Wet- Maloney and eliminates hanging-up on insulators. Saves valu- 
1 gas fan is run by squirrel cage motor. able hours and material. Available by direct purchase 
r Casing, runner and shaft are constructed TEXAS STEER or on one of several lease plans. 
; in 18/10 molybdenum-titanium stainless 
: steel. Diagrams.—INCO. 15437 
re cere cnn nt a 

8. INDUSTRIES 
| 8.4 Group 4 
| 8.4.2, 7.1 


The Effect of Treated High-Vana- 
dium Fuel on Gas Turbine Load, Effi- 
ciency and Life. B. O. Buckland. Paper 
before Am. Soc. Mechanical Engrs., 
Gas Turbine Power Conference and 
Exhibit, Washington, D. C., March 2-6, 
1958. ASME Paper No. 58-GTP-17, 





1958, 15 pp. HOUSTON @ TULSA @ LOS ANGELES e PITTSBURGH @ CHICAGO 
re i ee and geanceee of 

art -t rat ines 

to measure effect of burning several OR YOUR ffialbmey DISTRIBUTOR 


different residual fuels. Increasing mag- 
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nesium content of fuel with respect to 
its vanadium content increases deposi- 
tion rate, but increasing aluminum with 
respect to vanadium content has the 
opposite effect. Second-stage nozzle 
partitions, of titanium stabilized 18-8, 
corroded more than first-stage parti- 
tions. Surfaces of second stage parti- 
tions had rather broad, shallow pits, 
some of which were 1/32 in. deep. First 
stage partitions of 28 chromium iron 
show, in places, a 2-5 mil thick layer of 
a lacy surface material but general loss 
of metal and macroscopic pitting are 
less than occurs on second-stage parti- 
tions. Conclusions were that life of gas- 
path parts is no different whether a 
high vanadium or a low residual fuel is 
used and corrosion of nozzles and 
buckets is not much greater with treated 
residual oil than with natural gas. Pho- 


tos, graphs, tables—INCO. 16119 


8.4.3 

Combating Corrosion in the Oil In- 
dustry. (In French.) J. Tourret. Métal- 
lurgie et Construction Mécanique, 90, 
285-289 (1958) April. 

Difficulties proper to the oil industry. 

Task of the anti-corrosion engineer in a 
company of several factories. Control 
methods and devices used.—BTR, 16084 


8.4.3, 3.4.8 

High- Temperature Corrosion by Hy- 
drogen Sulphide-Experiments Made in 
Petroleum Refining. (In German.) Peter 
W. Sherwood. Werkstoffe u. Korrosion, 
9, 273-277 (1958) May. 


Attack causes loss of metal and for- 
mation of large crusts which block the 
passage and impede the transfer of heat. 
Type of crusts depends on the sort of 
steel used. High chromium-nickel alloys 
proved to be good except at high tem- 
peratures. For practical use 18-8 chro- 
mium-nickel steel has sufficient resist- 
ance. 6 references—MR. 16117 
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8.4.5 

Chemical Decontamination of the In- 
ternal Surfaces of Reactor Coolant Sys- 
tems. Carl M. Unruh. General Electric 
Co., Hanford Atomic Products, U. S. 
Atomic Energy Commission Pubn., 
HW-54509, March 31, 1958, 10 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C. 


A number of chemical reagents pre- 
pared especially for decontamination of 
reactor plumbing were evaluated as to 
corrosiveness, cost, effectiveness, and 
safe disposal. Turco 4306-B (a patented 
reagent composed of sulfamic acid, fluor- 
ides, chlorides, a sulfonic base soap and 
wetting agent) was recommended for 
decontamination of aluminum and stain- 
less steel surfaces, hand tools and small 
parts.——NSA. 16089 


8.4.5, 6.6.6 

The Application of Ceramics to Han- 
ford Fuel Elements. B. W. King, H. P. 
Tripp and W. H. Duckworth. Battelle 
Memorial Institute. U. S. Atomic En- 
ergy Commission Pubn., BMI-860, Sept. 
4, 1953 (Declassified Feb. 18, 1958), 39 
pp. Available from Office of Technical 
Services, Washington, D. C. 


Various possible applications of ce- 
ramic materials in the construction of 
fuel elements used at Hanford are re- 
viewed. These uses might be: (1) a 
protective outer coating on the alumi- 
num-jacketed uranium slugs, (2) a pro- 
tective layer between the aluminum and 
uranium (3) a seal to retard interdiffu- 
sion between the aluminum and uranium, 
(4) secondary protection on the ends of 
the sug in case of failure of the alumi- 
num can, (5) a thermal barrier on the 
ends of the slug, and (6) sole protection 
of the uranium in atmospheres other 
than water. Possible ceramic materials 
for these applications are: (a) enamels 
for aluminum, uranium and zirconium, 
(b) stable anodized coatings for alumi- 
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num and (c) a limited number of bodies 
for enclosure in the ends of the alumi- 
num can. A number of enamels were 
developed for use on uranium and it 
also was established that zirconium 
could be enameled without need for un- 
usual processes. Data were obtained that 
indicated improved resistance to water 
can be obtained from anodized alumi- 
num by using unique sealing procedures. 
(auth.)—NSA. 15659 


8.4.5, 6.3.20 

Ammonium Fluoride-Versatile Re- 
agent for Zirconium Fuels. A. T. Mc- 
Cord and D. R. Spink. Carborundum 
Metals Company. Nucleonics, 16, No. 2, 
94, 96, 98, 100, 102, 104 (1958) Feb. 

The dissolution and treatment of zir- 
conium and its alloys and its separation 
from uranium and fission products can 
be effected by the use of ammonium 
fluoride. Used in the acidic or neutral 
state, ammonium fluoride is easier to 
handle and more economical than cur- 
rently used reagents. An electrolytic 
process using ammonium fluoride has 
been found which improves the corro- 
sion properties of zirconium and Zir- 
calloy.—NSA. 15587 


8.4.5 

Corrosion in Nuclear Power Produc- 
tion. B. L. Harbourne. Corrosion Peven- 
tion and Control, 5, No. 1, 43-48 (1958) 
Jan. 

Common reactor coolants, air, carbon 
dioxide, water and sodium ’ severely at- 
tack uranium, thorium and plutonium. 
Criteria which must be fulfilled by fuel 
containing materials are listed. Magnox 
C (0.05 beryllium, 0.05 max. calcium, 
1.0 aluminum, bal. magnesium) was 
tested in dry and wet carbon dioxide at 
400 C in stainless steel autoclaves, 
through which a small flow was main- 
tained, Rate of attack was about 5 = 105 
in. metal loss per year, and as a result 
alloy was adopted for canning fuel ele- 
ments for Calder Hall. Corrosion by 
liquid metals was discussed. Examina- 
tion of relevant properties of materials 
has led to conclusion that only mate- 
rials suitable for construction of a pres- 
surized water reactor core are Zircalloy 
alloys and stainless steels. Graphs, 11 
references.—I NCO. 15435 


8.4.5, 6.2.5 

Selection of Structural Materials for 
eee of Nuclear Power Plants. 
W. L. Fleischmann. Paper before ASTM, 
60th Ann. Mtg., Atlantic City, June 20, 
1957. Am. Soc. Testing Materials, Spe- 
cial Technical Pubn., No. 220, 3-27 
(1958). 

Chromium -nickel austenitic stainless 
steels have been extensively used in 
pressurized water service. For wear re- 
sistance, cobalt base alloys like Stellite 
6, 19 and 21 have been found acceptable. 
Nickel alloys have of the Inconel type 
are also satisfactory; Inconel X has 
found its application in springs and In- 
conel for can material. Table gives ther- 
mal neutron capture cross-section of 
metals used in structural alloys and in- 
cludes chromium, nickel, titanium and 
zirconium, Mass transfer corrosion en- 
countered in use of cobalt and tantalum 
containing stainless steels is discussed. 
Effect of integrated fast neutron flux on 
yield strength for Types 301, 304, 321 
and 347 austenitic_stainless steels irrad- 
iated below 200 F is given. Properties 
of Type 347 stainless steel before and 
after reactor exposure are dscribed. 
Tables, graphs, 31 aiceaeaalie 
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When you need cathodic protection for underground 
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t STANDARD DURIRON ANODE SIZES Go all the way with the high silicon iron, Duriron*. Its supe- 

0, Sait Area Weight a riority in marshlands, at river crossings, and wherever backfilling 

7 Size Sq. Ft. (Lbs.) Application is impractical or imperfect has been proved without question. 
14:60" \ Fresh Water And in all perfect backfill cases (where the anode is merely the 

1%" x 60” ; Ground Bed conducting rod) Duriron serves exactly the same purpose as 

: teaned Sua graphite, and just as well. 

€ caw Duriron anodes have proven their superiority for the cathodic 

. see ates protection of pipelines, drilling rigs, well casings, storage tanks, 

S Ducts be gathering lines, communications cables, and similar systems. 

3 _ Salt Water For positive protection, insist on DURIRON. 

f Salt Water * For high chloride environments, The Duriron Company manufactures the 

‘ 5 : molybdenum containing high silicon iron, Durichlor. 

1 * Applicable also in fresh water service. Should not be used in ground 


beds without backfill. 


THE DURIRON COMPANY, INC. / DAYTON 1, OHIO 


BRANCH OFFICES: Baltimore, Boston, Buffalo, Chicago, Cleveland, Dayton, Detroit, Houston, Knoxville, Los Angeles, New York, Pensacola, Philadelphia, Pittsburgh, and St. Louis 
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Your PITT CHEM’ 


industrial Distributor 
provides you with 


INDUSTRYS MOST 


COMPREHENSIVE FAMILY 


OF PROTECTIVE COATINGS 


TARSET 


The exclusive and patented coal tar-epoxy 
resin coating that has revolutionized the con- 
trol of severe corrosion. Tarset provides ex- 
cellent protection against petroleum crudes, 
hydrogen sulfide, brines, gasoline and many 
other corrosive agents. 


TARMASTIC: 


A broad line of time-tested coal tar coatings 
(formerly ‘‘100 Series’’ Coatings) which pro- 
vide excellent corrosion protection on metal, 
masonry, and concrete surfaces—above and 
below ground. There’s a Tarmastic formula- 
tion to control virtually any corrosion con- 
dition in your plant. 


Lnsul-Mastic 


A series of vaporseal, condensation control 
and insulation coatings. Special Gilsonite 
asphalt formulation makes Insul-Mastic coat- 
ings highly resistant to acids and alkalis, as 
well as to moisture penetration. 


rt 

[here’s a real advantage, in economy and con- 
venience, when you buy all of your heavy duty 
cold applied protective coatings from one source 
—your Pitt Chem Industrial Distributor. Another 
important Pitt Chem plus is the ready avail- 
ability of experienced technical help, wherever 
and whenever you need it. For more information 
about your coating problems, contact your Pitt 


Chem Coatings Distributor today! 


wsw-7393 
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